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THE NEW CRUISER FOR 


JAPAN. 


Tur -ccond of the cruisers built 
in the | nited States for the impe- 
rial navy of Japan has been com 
pleted, and has undergone several 
trials. he ** Chitose” was built by 
the Union Iron Works, of San 
Francisco. The first rivet was 
driven May 1, 1897. She was 
launched January 22, 1898. Though 
similar in many respects tothe ‘*Ka- 
gagi.” built in Philadelphia, there 
are essential points of difference, so 
that the common impression that 
thev are sister ships is scareely cor- 
rect. he Chitose” has no side 
armor or other protection besides 
that afforded by her filled coal 
bunkers. She is fitted with a pro- 
tective steel deck, and her hatches 
are guarded by heavy plates. The 
dimensions of the “Chitose” are: 
length over all, 405 feet; length 
between perpendiculars, 376 feet ; 
beam, 49 feet; mean drauglt, 17 
feet 11 inches; displacement actual, 
4.865 tons; indicated horse power, 
15,500: with a coal capacity of a lit 
tleover 1,000 tons, or enough to car- 
ry her at a speed of 12 Knots for 
8,000 iuiles 
The ‘Chitose ’is propelled by twin 
screws, each driven by a four cylin- 
der, triple expansion engine, with 
eylinders 40, 60, 66, and 66 inches in 
diameter respectively, and a stroke 
of 86 inches. Steam is supplied by 
2 single ended, cylindrical, quad 
raple furnace boilers. 

The armament of the ‘‘Chitose” on 
aceonnt of its rapid-firing qualities 
will be more formidable than that 
of the * Olympia,” and will be sup- 
plied on the arrival of the cruiser 
inJapan. It will consist of two 8- 
ipeh quick-firing guns, ten 4°7-inch 
quick-firing rifles mounted in broad- 
side, twelve 12-pounder quick-firing 
rifles, and six 2°5-inch Hotchkiss 
rifles. Five torpedotubes, 14 inches 
in diameter, are included in the ar- 
Mament. She is also provided with 
four powerful search lights and 
Dumerous steering stations 

The “Chitose” left San Fraucisco 
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December 28 for atest of her spe ed 
over the measured course in Santa 
Barbara channel, southern coast of 
California, On December 30a test 
was made over a measured base of 
10 knots with four turns under 
foreed draught, twice against and 
twice with the tide, and a speed of 
22°67 knots was easily reached. The 
collapse of the condenser tubes pre- 
vented a conclusive and final trial 
of her maximum speed, which in 
the opinion of Captain 8. Sakurai, 
Inspector of the Imperial Japanese 
Navy, would easily have exceeded 
23 knots under favorable conditions. 
On January 3 a trial was made 
over the 10 knot course with four 
turns under natural draught, and a 
speed of 21 knots was attained. 
The “Chitose” when fully manned 
will require a crew of 405 men. The 
Japanese authorities state that she 
will be the speediest ship in the im- 
” rial navy. 

Captain Sakura: regards the ‘‘Chi- 
tose” as a demonstration of the ab- 
solute correctness of the plans un 
der which she was aiammvucted. Be- 
fore a rivet had been driven it 
was calculated that the ship would 
draw 17 feet 744 inches. The actual 
draught is only 34 inches in excess, 
or 17 feet llinches. The contract dis- 
placement was 4,760 tons, the actual 
1,865 tons, or 105 tons in excess. A 
margin of 6 inches in draught is al- 
lowed by contract. ‘The builders, 
therefore, had 2% inches of their 
allowance left. The ‘ Kasagi’s” 
draught on completion was over 
12 inches in excess of contract, but 
she was accepted notwithstanding. 

On February 12 a final and con 
clusive trial trip of the ‘ Chitose’ 
was made with the most satisfactory 
recalts. The machinery worked to 
a charm, and a run was made to 
the Farallones and return, the 
trip occupying about six hours. 
For two hours and three-quarters 
the *‘Chitose” was put to her highest 
speed, and according to the report 
of the Japanese inspectors, the max 
imum reached was 23°10 knots, and 
the lowest during the trial 22°50 
knots The average was 22°37 
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knots. Japanese stokers were employed on the 
trip, and English coal, with which they were un- 
familiar, was used. 


DOMESTIC COKE AND BRIQUETTES FROM 
RETORT COKE OVENS.* 
By R. M. ATWATER, of Syracuse, N. Y. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 1211. 











It was expected that one result of the fine grinding 
would be the reduction of the sulphur, but while there 
was some reduction it was not enough to make a cval 
having three or four per cent. sulphur suitable for 
making blast furnace coke, which should be not over 
one per cent. 

But this fine grinding has advanced the solution of 
the problem and may yet solve it. It has been found 





Gentlemen of the Ohio Institute of Mining Engineers : | 

Three years ago, by the kindness of your secretary, | 
Mr. Haseltine, | offered to your attention the opera- 
tion of the retort coke oven. In the interesting dis- 


cussion that followed this paper, the possibility of 
using Ohio coals for blast furnace coke was considered, 
as being a desirable result for the large interests which 
I regret to say that but little progress | 


you represent, 


that when coal is ground to pass through a 3-32 mesh, 
the pyritic sulphur and the float sulpbur are both 
separable to a large extent. So, by means of a riffle, 
or a jig washer, the heavy pyrites are separated. Then 
by allowing the overflow of the riffles carrying the 
good coal and the float sulphur to pass into large set- 
tling tanks, the float sulphur is carried off in the over- 
flow, and coals carrying three to four per cent. of sul- 
phur are reduced to less than one per cent., and so 





CONSTRUCTION OF THE 


has been made in the practical solution of this im- 
portant question. Ohio coals are not used to-day to 
any extent in either retort or bee-hive coke ovens. 
Still the question is not finally settled. The two diffi- 
culties to be overcome are the high content of sulphur, 
which injures the quality of the iron, and the high 
percentage of volatile matter in the coal, which results 
in a soft-bodied coke. 


FINK GRINDING OF COAL A PARTIAL SOLUTION. 


This same difficulty affects, to an even greater de- 
gree, the Illinois coal, and on account of the large 
requirements of coke in the Chicago blast furnaces, 
efforts are constantly made to obtain blast furnace 
coke from these coals. A Chicago engineer claims to 
be able to eliminate the sulphur from the coke while at 
a red heat in the coke oven by blowing through it a 
jet of superheated steam and acetic acid. Even if this 
result should be accomplished, | doubt if it could be 
done economically. A well known Pennsylvania engi- 
neer has tried to accomplish it by grinding the coal 
fine and floating it through a pipe line from the 
mines to the great consuming centers of the middle 
West. He has demonstrated that coal with an equal 
weight of water can be transported for hundreds of 
miles, turning corners, ascending and descending 
grades, at a lower cost than by rail. 





* Read before the Ohio Lostitute of Mining Engineers, Columbus, O,, 
January 19, 1899. 


“CHITOSE”—GUN DECK. 


are brought into the blast furnace class of coking 
coals. 

This process is, I believe, original with Mr. C. C. 
Upham, of New York, and while, so far as I know, it 
has not been put in practice on a commercial scale, yet 
it seems to me to have strong elements in its favor. 
This isa research which might engage the attention 
of the technical department of your State University. 
The resulting coal im the form of fine slack, reduced 
by draining so as to ¢ontain not over ten per cent. of 
moisture, is in the most favorable form for use in the 
retort coke oven. The operation of the oven still 
further reduces thé amount of sulphur; so that the sul- 
phur present in a ton of retort coke is rarely greater 
than in a ton of theeoal charged. 

Regarding the second difficulty with Ohio coals, viz., 
the high percentage of volatile which makes a soft and 
spongy coke. A good many tests have been made at 
Syracuse on such coals, and it has been satisfactorily 
shown that these coals make a denser and stronger 
coke in the retort oven than in the bee-hive oven. 
Further, by mixing these coals with a small proportion 
of coals from other loealities, such as Pocahontas or 
Pennsylvania, which naturally make a hard coke, 
this difficulty with the Ohio coals may be overcome. 
I believe, therefore, that the problem of making the 
Ohio coals useful for this, the highest grade of coke, 
is capable of solution, and with the large increase 
of iron making in Ohio, it may well engage your 
interest. 





FORWARD KEEL AND FRAMES OF THE “CHITOSE” LOOKING APT, 








RECENT PROGRESS OF RETORT OVENS. 


During the last four years, ‘retort oven plants have 
been put in run in Dunbar, near Connellsville, },,. 
Sharon, Pa.; Wheeling, W. Va.; and Birmin,); 





— 





Ala. All these plants make coke for blast fur, 
and the results from each are satisfactory, bot} tech. 
nieally and financially. The Dunbar furnace. efore 
the retort ovens were started, used exclusively b««--hiyg 
coke from Connellsville coal.. This has given a g 


basis for comparison with the best bee-hive coke in the 
country. The Dunbar furnace has surpassed a || pre. 
vious records while using exclusively retort coke. and 
owners and manager have given their opinion t!:at the 
retort coke is better than standard Connelisvilic bee. 
hive coke. All these plants are likely to be enlarged 
to meet the increased requirements of the furnaces 
The plant at Syracuse, N. Y., has already been 
doubled in size, and for the last year has been +1 pply. 
ing foundry coke of a high grade to all th: prin- 
cipal iron foundries in the neighborhood of Syra. 
cuse. : 

A plant of retort ovens was built last year at Halli. 
fax, N. 8., using Dominion coal. Since last Juve this 
plant has supplied the illuminating gas used by the 
city of Halifax. This plant has been able, by a <peeiai 
adaptation of the gas mains, to deliver an unenriched 
gas of 18 candle power directly into the holders of the 
Halifax Gas Company. This is perhaps the most im. 
portant improvement to record in the development of 
the American retort coke oven. There is also a large 
plant of retort ovens near McKeesport, Pa., runting 
entirely on domestic coke, and a plant under con- 
struction at Boston, Mass., which will also make do- 
inestic coke. 

Domestic coke is also being produced at many bee. 
hive oven plants and has been on the market for sey. 
eral years, competing with anthracite coal as a diomes- 
tie fuel. The coke produced by illuminating gas plants 
has always been used to some extent for domestic fuel; 
but the form and character differ so materially from 
the crushed oven coke that it can hardly be said to 
have been a serious competitor. The rapid increase in 
water gas plants has also tended to decrease the supply 
of this form of domestic fuel. 


RETORT COKE FROM OHIO COALS FOR DOMESTIC USE. 


This leads to the main purpose of my paper, viz.; 
The use of Ohio coals in their present condition for 
making domestic coke and briquettes in the retort 
oven as a practical operation for the coal operators of 
Ohio. 

For the ordinary use of the household, lump ti- 
tuminous coal and anthracite are in general use, while 
slack coal is not used to any extent. Anthracite is 
used, I suppose, to a limited extent in the southern 
| part of the State, but in the northern tier of cities is in 
| general use, its freedom from smoke and gas making it 
more desirable and always preferred when the increased 
cost is not too great. 

Crushed coke differs from lump bituminous coal in 
earrying no gas or smoke. In this respect it closely re- 
sembles anthracite, but on account of its porous char- 
acter it burns more like bituminous than anthracife. 
Anthracite burns only on the surface, or until the 
lump, after becoming red hot, falls to ashes, or melts 
to clinker. Coke, when it becomes hot enough to 
burn, burns throughout its whole bulk and from the 
glowing mass falls quickly to ashes. On this account 
| it occasions some trouble in managing the fire, which 
| goes out quickly when it is not supplied with fresh 
| fuel at a time when anthracite coal would last much 
longer. Also, on account of its greater bulk, it oceu- 

| pies more room in the stove for asmaller actual amount 
| of fuel. 
Fuel briquettes have not been used to any extent in 
| this country, but they have some advantages over any 
|other domestic fuel. They are made in enormous 
| quantities, estimated at 10,000,000 tons, in all the chief 
eoal-producing countries of Europe, and have won a 
neant place in the great markets of the world. 
Not only are they in common use as a domestic fuel, 
but the locomotives and steamships of Europe use 
| them very largely. They are made of different sizes, 
corresponding to the market sizes of anthracite coal. 
| for boilers, locomotives, furnaces, grates, and stoves. 
By their use the waste coal, both bituminous and an- 
thracite, at the mines and in the great coal depots in 
the cities, is completely utilized. If such a use can be 
made of the great slack heaps in the Ohio mines, it 
will be of far-reaching benefit to the miner and the 
household. 

If briquettes are made of bituminous slack, they 
have the nature of bituminous lump coal, but on ae 
count of their density, being pressed as bricks at 4 
great pressure, there is much less waste in dust, and 
slower and more economical combustion. But they 
can be made of anthracite slack as well as from br 
tuminous slack, or from coke breeze, and in this form 
they have all the advantages of anthracite coal. 

The retort coke oven affords the means of utilizing 
Ohio coal in either or all of these three forms, viz.: 
| Crushed coke, soft or smoky briquettes, and hard or 
smokeless briquettes; and it allows either or all of 
these forms of domestic fuel to be produced at a cost 

which will yield a good profit at the selling prices of 
their corresponding grades of fuel now in use. 
DETAILS OF OPERATION. 

To make this clear, I will give you the details of the 
|operation of a block of retort ovens, on a practie 
seale and of a size best suited to economical operation. 
It will be quite practical to make an operation on & 
much smaller or a much larger scale, but an operation 
to produce 100 tons of coke and 100 tons of briquettes 
per day is a convenient unit to present for your ap 
| proval and criticisin. 
| The plant will consist of 18 retort coke ovens with all 
|the apparatus for recovering the by-products—alm 
monia, tar, and gas; also a tar distilling plant for coD- 
verting the tar into oil and piteh for briquetting ; and 
a briquetting plant for making 100 tons of briquettes 
in 10 hours.. The plant will occupy less than twe 
acres of ground and will cost, exclusive of land and 
a water supply and railroad connections, about $125, 
000. Such a plant can be operated in three ways 
according to the amount and quality of the produet 
desired. 

First, let us consider its operation to produce, as I 
have said, 100 tons of coke and 100 tons of briquettes 
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day on Ohio coking coal. Each oven will take 
Pons « oal and coke it in 24 hours, or 144 tons per 
The coal will yield 70 


day au: »2,000 tons per year. 

reen of domestic coke, or 100 tous of coke per day, 
or 96,00! tons per year, The operation and maip- 
tenance }1 good repair of the plant will cost 40 cents 
perton ©! coke, or $14,400 per year. There will be re- 
eovered trom the volatile part of the coal in the by- 
product apparatus 520 tons per year of ammonia, 
reckon:.| as sulphate, which has an assured market 
yalue o: 515,600, or amply sufficient to cover the entire 
eost of operating the ovens and by-product works. 
There | also be recovered from the oven gas 2,600 
tons of ‘ .r, Which has a market value of $4 per ton, or 
$10,400 r year. 

After <applying all the heat required for coking the 
coal and raising steam for all the power required by 
the ov and by-product works, there will be left a 
surplus of 3,000 cubie feet of gas per ton of coal, or 
156,000,000 eubie feet of gas, which is worth for 
manufacturing purposes 5 cents per 1,000 cubic feet, or 
$7,900 per year. The low value given this gas does not 
represt its trae value, but its actual fuel value in re- 
placing val and reducing it still lower because it is 


produce! at all hours of the day and all days in the 
year, aud no provision is made for storing it in a 
holder. The gas carries about 600 heat units per cubic 
foot and is for many purposes equal in efficiency with 
natura! cas. 

It is practically the same as unenriched illuminating 
gas. If local gas companies will, as has been done in 
Halifax in the past year, take the gas for their use, it 
ean be enriched by the luminous portion of the fuel 
gas and can be delivered of 18 candle power. It would, 
of course, in this ease be worth double the amount 
here estiinated for it, and the holders of the illuminat- 
ing gas company would be available for storing it. 
Still, at the figure above given, the value of $7,800 per 
year is sufficient to pay the interest on the investment 
of money for the whole plant. 

The operation thus far stands as follows: The am- 
monia recovered will cover the cost of operating the 
ovens and by-product works, while the surplus gas will 
pay the interest on the investment. I do not state 
the cost of the coal, for that is a local matter. I also 
consider that any operation likely to be undertaken 
will be in the interest of coal operators. The value of 
the tar stands as a clear profit, and a ton of crushed 
coke costs only the coal required to make it. As it 
takes 1°4 tons of coal to make one ton of coke, if coal 
costs at the ovens $1 per ton, the cost of one ton of 
crushed coke is $1.40. If coal costs 50 cents per ton, 
a ton of coke costs 70 cents, and the $10,000 worth of 
tar is a profit or asset beyond this cost of the coke. 
As anthracite coal is worth $5.50 in the Columbus 
market to-day, the operation seems attractive. 


THE MAKING OF BRIQUETTES. 


Taking up the second part of the operation—the 
making of briquettes—we will consider that the tar 
will have to be distilled. The cost of the distilling 
plant, about $5,000, I have included in the total of 
$125,000 for the whole plant, also the cost of the bri- 
quetting plant, $20,000. The distillation of the tar isa 
very simple operation, and the oils produced have suf- 
ficient value to pay for the cost of the distillation. We 
may, therefore, consider the 2,600 tons of tar as equal 
to 1,800 tons of pitch, which is the material used for 
cementing or binding the briquettes. If pitch alone 
is used for the bind, it takes 8 per cent. of the coal. 
If lime is used with the pitch, 5 per cent., 1,800 tons 
of pitch will therefore supply the bind for 36,000 tons 


the same plant either simultaneously or at different 
times according to the conditions of the market for the 
several products. In general it may be said that coal 
is the cheapest form in which the various products, 
tar, ammonia, gas, coke, and briquettes, can trans- 
sorted, as the freight rates on coal are on the lowest 
oars of all commodities. Therefore, in selecting a 
place for the operation the preference should be given 
to that place affording the best market for all the pro- 
ducts. The consumption of anthracite coal at the 
place for the operation is also an important element, as 
it is easier to displace an article in common use than to 
create a inarket for a superior article. 

The literature on the subject of briquettes may be 
found in the following : Engineering and Mining Jour 
nal, October 12, 1895; Cassier’s Magazine, November, 
1896, and December, 1897 ; Mineral Industries, vol. vi., 
1898. 








SPECIAL GOVERNOR FOR HEAVY 
ENGINES. 
It is a well known fact in connection with steam 
engine practice that in the larger sizes of the ordi- 
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wear, and the whole of the wearing parts are made 
easily accessible, so that any of them can be readily 
replaced whenever this may be necessary, without dis- 
turbing the governor head or other heavy portions of 
the apparatus. A strong bridge bolted to the frame is 
provided for carrying the heavy rotating masses of 
the governor. The main revolving spindle which sup- 
_ the governor head, and upon which is fixed the 
10rizontal bevel wheel, is carried in a step-bearing ar- 
ranged in this bridge. The wear in the step bearing 
can be taken up by asimple set-screw adjustment to 
allow of restoring the perfect engagement of the wheels 
in case of any wear. The horizontal bevel wheel is 
‘‘ander-driven,” so that it cannot press upon the verti- 
cal bevel wheel in consequence of wear in the step- 
bearing. The end of the driving shaft is mounted in 
an adjustable bearing, on each side of which adjusta- 
ble collars are fitted for the purpose of regulating the 
engagement of the vertical bevel wheel at the end of 
the shaft. Both bevel wheels can thus be inaintained 
in perfect gear. The throttle valve is supported from 
the governor sleeve by means of two rods, each 
guided top and bottom. These rods are connected 
with corresponding cross pieces, between which the 
lengths of the rods are adjustable, to allow of altering 
the position of the valve if required. The governor 
sleeve itself is fitted with a bush in two halves, and 
the bush when worn out can be readily renewed ata 
very small cost. This special form of governor, it may 
be added, is designed exclusively for the heavy class of 
stationary land engines, and is only applicable to 
steam pipes of from seven inches diameter upward. We 
are indebted to The Marine Engineer for the article 
and engraving. 





HYDRAULIC INTENSIFIER PUMP FOR 
LARGE TUNNELING SHIELDS. 


WE illustrate below a new intensifier pump for use 
with large tunneling shields, which is now being sup- 
plied by Messrs. Hayward Tyler & Company, and 
which has a number of interesting points. The in- 
tensifier consists of a central motor colander placed be- 
tween two pump cylinders, and separated from them 
by means of cast iron distance pieces. ‘The motor cyl- 
inder is 7 inches in diameter; it is of cast iron. It is 
fitted with a gun metal piston, which is provided with 
two gun metal piston rods, 3 inches in diameter, which 
are elongated to form the plungers of the high pressure 
pumps. This piston is made all in one piece with its 
piston-rods. The pump barrels are of gun metai, as 
also are the valve boxes, valves, and springs. There is 
a special valve gear for the motor cylinder, with an 
auxiliary valve for actuating the main slide, which 
auxiliary valve is worked by a lever from the pump 
plunger. At each end of the motor cylinder is fixed a 
small gun-metal valve, by means of which the speed 
of the pump can be regulated. U leathers and pack- 
ing rings of special form are fitted to all working parts, 
and white metal rings are used for the joints of all 
flanges. The exhaust from the motor cylinder is dis- 
charged into a receiver, from which the puwp 
plungers suck, so that the water from the work- 
ing cylinder is used again for the high pressure. This 
receiver is provided with a siphon pipe as shown, to in- 
sure a constant supply of water from the pumps. The 
intensifier is designed for working with a pressure of 
750 unds per square inch in the motor cylinder, 
whieh is increased to a pressure of 2,240 pounds per 





nary types of combined governor and valve, some 
of the parts are frequently subjected to considerable 
wear, chiefly owing to the want of efficient lubrication, 





of briquettes per year, or 100 tons per day. 

The cost of operating the briquetting plant on the 
basis of 100 tons per day of 10 hours is given me by | 
parties claiming to be familiar with the business as 25 | 
to 30 cents per ton of finished product. As 100 tons of | 
coal will make 108 tons of briquettes, we may say that | 
50 cents per ton of briquettes is a sufficient figure for | 
the eost of manufacture, not counting the value of the | 
pitch, which is a clear profit from the coking part of | 
the operation, 


We, therefore, have 100 tons of briquettes which cost | number of lubricators with adjustable sight-feed being | without a single blemish. : y 
Wherever possible there | $27,550, or 4°66 cents per foot, while ordinary lumber 


what 100 tons of slack coal cost plus 50 cents per ton. 
If the coal cost $1 per ton, the briquettes cost $1.50 
per ton, and will sell in competition with lump coal 
and be preferred on account of their uniformity of size 
and cleaner condition. Summing up the whole opera- 
tion briefly, we have, after paying all operating ex- 
penses and interest on the investment, 100 tons of 
crushed coke, costing the value of 140 tons of slack 
coal and 100 tons of soft coal briquettes, costing the 
value of 100 tons of slack coal plus 50 cents per ton. 
The value of the coal at any point where the plant may 
be located can be supplied and also the competing 
value of anthracite against the crushed coke or of luinp 
coal against the briquettes. 


ALTERNATIVE PLANS OF TREATMENT. 


Two other methods of operation are, however, worth 
our consideration. As I said before, briquettes may 
be either made from soft coal, and consequently smoky, 
or from anthracite slack, or coke breeze or even Poco- 
hantas slack, in whieh case they will be smokeless and 
ih every way equal to anthracite. For this purpose 
the coke may be ground to a fine powder and the 
pitch used to make smokeless briquettes, which should 
command the full price of anthracite coal. On this 
basis the operation will stand as follows: 108 tons of 
smokeless briquettes will cost the value of 140 tons of 
bituminous slack coal plus 50 cents per ton. If this 
slack costs $1 per ton, the cost of these briquettes will 
be $1.80 per ton. If the coal costs 50 cents per ton, the 
briquettes will cost $1.15 per ton. 

The other method of operation is of interest in view 
of the large quantities of non-coking coal in the Hoek- 
ing Valley region. This slack coal is considered of no 
value the taines, and its cost at any operating plant 
8 Slunply its sight. This coal can be charged into 
and all the volatile distilled off and 
. ir, ammonia, and gas recovered precisely as is the 
se with coking |. The resulting carbon will be 
‘awn from the oven, quenched and passed through 


the 


Ke OVen*« 


yst will be the same as briquettes from 
‘crashed coke, but. the coal may be of lower cost and 
‘Ve operation yield a greater profit. 

ese three forme of operation may be carried on in 








and a good deal of trouble and expense is generally in- 
volved in replacing or repairing the worn parts, on ac- 
count of the difficulty of handling the great weights of 
the governor. Messrs. Schiffer & Budenburg, of Man- 
chester, London, and Glasgow, have recently patented 
the governor shown in the accompanying illustration, 
which is designed to overcome the difficulties above re- | 
ferred to. In this apparatus all the chief parts subject | 





| 
} 
| 
} 


provided for this purpose. 


square inch in the pumps, which are provided with 
spring relief valves arranged to blow off at this pres- 
sure. The speed of the intensifier is thirty double 
strokes per minute. We are indebted to London En- 
gineer for the engraving and article. 





Nine hundred and fifty thousand feet B. M. of select- 
ed timber was shipped from San Francisco on Janu- 
ary 28 to be used by the German government in the 
construction of new war vessels, says Engineering 
News. The pieces were from 24 to 54 feet long by 4 x 4 


| to wear can be kept in a state of perfect lubrication, a| feet, and they were absolutely knotless and apparently 


The cargo was valued at 


are also provided simple adjustments for taking up all | sells for about 2°75 cents per foot. 
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SUBMARINE SURVEY. 
By CHARLES Brieut, F.R.S.E,, A.M. Inst. C.B. 
SOUNDING MACHINES 


It was Sir William Thomson's arrangement of apply- 
ing an inereasing brake power to the drum of wire as 
it paid out whieh broaght about the universal adop- 
tion of steel wire for sounding purposes. Por paying 
out the wire, and also for its recovery, an entirely new 
machine was needed to replace the heavy and cum- 
brous winches used in the case of the hemp lines which 
had hitherto been employed, and Sir W. Thomson 
(now Lord Kelvin) was not long in devising a suitable 
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| daring the course of a paper read before the Society of | inboard at the bow or the stern of the ship. 


i 
a 


is the 


| Telegraph Engineers regarding the Marseilles-Algiers | drum, which is made of gan metal, and iscapable | f hojg. 


cable expedition of that year.* 





in 1874 a complete set of wire sounding machinery was 
| fitted to the United States survey ship Blake, from the 
designs of Captain Sigsbee, U.S.N. This machine was 
for many years one of the best in existenee. Designed 
for a midship position, it is particularly suited fora 
smnall and lively ship. Its principal parts (see Fig. 2) 
| are the drum, A, on which is wound the wire, the auxil- 
iary pulley, B, used while heaving in to relieve drum 
of the strain, the jockey wheel, C, the swivel pulley, 

















Fie. 1.—SILVERTOWN STEEL WIRE SOUND MACHINE. 


machine. The principle on which Sir W. Thomson 
sounded made it necessary for the drum on which the 
length of wire was coiled to be as light as possible, or 
its inertia would cause it to run on after the sinker had 
come to rest on the bottom.* It was soon found by ex- 
perience that a drum thus lightly constructed would 
not be sufficiently strong to resist the compression put 
upon it when the wire was picked up under strain. 
Every turn of wire at a 30-pound strain imposes equal 
compressing strain on the drum; and supposing there 
were 2,000 such turns, the total compression would 
amount to 60,000 pounds ; to resist this would require a 


much heavier druin than was considered advisable to | 


employ. Just as when sounding by the old method, 
with hemp lines, a winch is used to pick up the line, 
and it is then coiled away on a drum, so in the sound 
ing machine a similar arrangement is used to pick up 
the wire, and it is then coiled away on a drum, which 





D, the aecumulator contained in the tube, H, and the 
brake, Z. 

The drum is made light, in order to have as little 
|inertia and momentum to overcome as possible. Its 
circumference is one fathom. An indicator is attached 
| to the axle, which registers the number of revolutions. 
| The auxiliary pulley, B, is composed of three pulleys— 
one for the wire, one for the belt going to the drum, 
land the other for the belt from the driving engine. 
|The jockey wheel, 0, is an ordinary gun metal one 
with a V-shaped seore, and the wire passes over this 
both in paying out and reelingin. Its cireumference 
is 3 feet, and an odometer being attached to its axle, 
ithe amount of wire paid out can thus be obtained. A 
very important feature in this machine is the axecumu- 
lator, which is composed of spiral springs contained in 
two vertical tubes, one of which is shown at H. These 


| The United States navy were scarcely less speedy in| groove round which passes the brake cord, B, « 
recognizing the features of the Thomson method, for| by the levers, C, on which weights can be plac. 


ing some 5,000 fathoms of wire. It is provide. 


with a 

lated 
, > . if de- 
sired. From the drum the wire passes to the \-wh 


| D, which is exactly half a fathom in cireumferete, ang 
'to which a counter, M, is attached showing o: 1 dial 
|the number of fathoms of wire out.* This \ whee} 
| during paying out is loose on its shaft, and is em) loyed 

merely as a measurer, From here the wire pass: «long 














Fie. 2.—THE SIGSBEE STEAM SOUNDING 
MACHINE. 





| to the ship’s bulwark, or rail, and over a small caster 
pulley which is carried well outboard on a lever pivot- 
ed on the rail. This balance bar lever acts as an aceu- 
malator, and indirectly influences the brake power. 
The tail end of the lever is held down by a number of 
India rubber springs. When any sudden strain comes 
on the wire, owing to the movement of the ship, the 
end of the lever is depressed and the wire is often by 
this means saved from breakage. An ordinary spring 
balance can be placed between the end of the India 
rubber springs and the deck. This balance answers as 
a highly sensitive dynamometer for showing the strain 
on the wire. On picking up, the wheel, D, is fastened 
to its shaft by the insertion of a key. and is driven by 
the small three-cylinder Brotherhood engine, Z. Asa 
rule, a couple of turns of wire are put round it. As 


springs are copnected with the crosshead of the jockey | the wire comes in, it is coiled away on the drum, A, 
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in this case is driven from the shaft of the picking-up 
wheel. 

The Silvertown Company were first and foremost in 
taking up Sir William Thomson’s method of sounding. 
They greatly improved on the apparatus (see Fig, 1)— 
vartly by applying a self adjustable balance to the 
abhe~ond took a number of soundings in connection 
with the laying of a cable from the Lizard to Bilbao in 
the same year—1872. This company have ever since 
been inveterate in submarine research work for the pur- 
poses of cable projects, and have really led the way in 
this respect, Particulars of their early sounding work, 
and of the improved Thomson machine employed by 
them, were farnished by Mr. E. Mareh Webb in 1879, 


* The above, tm fact, consisted of a very thin galvanized iron drum one 
faibowm in circumference, 





t 

i 
A 
N 


3.—JOHNSON & PHILLIPS’ 


The crosshead moves in steel slides, and rises and falls 
as the weight on the wire varies, indicating on a scale 
the strain in pounds, 
the side of the vessel, it was found that the rolling of 
the ship interfered with the work very much. To 
remedy this, an ingenious governor was devised by 
Captain Sigsbee, U. S. N., making use of the rise and 
fall of the crosshead taregulate the brake power. The 
swivel pulley, D, is constructed to allow the wire to be 
reeled in at any angle when the ship is going ahead. 
Johnson and 





| _ = 
*See Journal of the Institution of Electrical Engineers, vol. viii., page 
44. 


wheel by means of chains passing over the pulley, K. | which is driven by the cord, F. 





This machine being placed at | quently happened that with inexperienced ha: 








Phillips’ Machine.—The illustration | 
given in Fig. 3 shows a very excellent sounding machine, | 
| designed on improved principles, to be placed well | 





SOUNDING APPARATUS. 


Care must be taken to 
see that the wire goes on to the drum slack ; and to 
sure this, the cord, F, should readily slip. It has = 
s the 
cord has been too tight, with the result that the wité 
has been broken between the drum and the whee!, D. 

The above machine has been extensively emp/oy 
on the cable ships of the Eastern and allied telegraph 
companies. : 


— 





* The above plan was a manifest improvement on that hitherto in yorue 
Previously, no separate measuring drum had been employed, the indicate 
being connected to the drum holding the entire Jength of wire. [nasmu 
as the outside turns were naturally considerably longer than those insides 
correction had to be apphed to arrive at the true length of wir 
board from the number of revolutions indicated by the counter 
quite apart from any correction for the true — on the score of t! 
not being straight * up and down,” such as is often invol 
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The I. vas Automatic ** Sounder” (Patent No. 15,012 
of 1887).- This machine, designed by Mr. F. R. Lucas, 
and use. by the Telegraph Construction and Main- 
tenance ‘olpany, as well as on the repairing ship of 
the Eas’ rn Telegraph Company, ete., is shown in Fig. 
4 Iti tended for use in depths up to 4,000 fathoms, 
and is fi ed with a grooved wheel, A, for driving by a 
rope bi from a steam winch or other engine. The 
wire is led on the drum, B, and is pee out round a 
measuri ¢ Wheel, C, the revolutions of which record on 
a dial number of fathoms out. A spring brake, 
which ipable of stopping the wire instantly, is kept 
out of « ‘ion by the tension of the wire during the run 
out, bu! when the sinker strikes bottom, the loss of 
tension it once allows the brake to spring back and 





Fie. 4.—THE 


stop the drum.* The depth can then be read off the 
dial with fair accuracy. 

Another smaller machine of Mr. Lucas—somewhat 
modified in principle, and weighing only about 32 
pounds—is also employed by the Telegraph Construc- 
tion Company. It is shown in Fig. 5 and is an exceed- 
ingly useful machine for shallow water, being particu- 
larly well adapted for use in steam launches or boats. 
The drum holds about 400 turns of wire ; but as the re- 
covery has to be effected by hand, the machine is 
searcely suitable for depths anywhere approaching 
that figure. Both these Lucas machines are intended 
to be placed on the rail of the ship, and the wire must 
hang vertically. 

Siemens Bathometer.—Finally, with regard to the 
apparatus employed, we should mention that at the 
Royal Society in 1876, the late Sir William Siemens, 
F.R.S., deseribed an ingenious method of ascertaining 
the depth without taking a sounding. This was based | 
onthe principle that the total effect of gravitation at | 
the earth’s surface is the resultant of the separate at- | 
tractions of all particles of matter, and that the attract- 
ive influence of different substances varies directly as 
the density, and inversely as the square of their dis- 
tances. He gave the name of ** bathometer” to the in- 
strument devised on the above principle. Though per- | 
feetly sound in theory, it is believed that the apparatus | 
was found impracticable for aboardship work ; and, 
therefore, we refrain from describing it. 

For further detailed information regarding some of | 








LUCAS HAND-SOT 


Fie. 5.—THE 


the apparatus employed in submarine survey, the read- 
er is referred to an excellent paper by Mr. Stallibrass, 
—e the Society of Telegraph Engineers in 
wd. 


SPEED OF SOUNDING. 


From a number of soundings, the aggregate depth 
which was 144,500 fathoms, the mean rate of paying 
out was 99 fathoms per minute, and of reeovery 90 fath- 
oms per minute [his was with the use of the Silver- 
town machine. By means of the same apparatus a 
Sending in 1,000 fathoms has been taken by the twin- 


© in thes Renee that (he machine is styled ** automatic.” 

i Deep Sed Sounding in ( onection with Submarine Telegraphy.”* 

& Edward spllibrass, A.M. inst. C.E. (Journal of the Instita of 
ical Engine, vol i 








LUCAS STEAM-SOUNDER FOR DEEP WATER. 


| measurable distances. 
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screw “International” in 18 minutes 16 seconds, in 
1,500 fathoms in 27 minutes 15 seconds, and in 2,000 
fathoms in 37 minutes 45 seconds. 

With an ordinary sinker of the first pattern describ- 
ed (weighing from 30 pounds to 40 pounds), an average 
rate of 100 fathoms in 70 to 80 secouds—or 100 fathoms 
per minute with a 60 pound shot—may be easily attain- 
ed, both for paying out and heaving up the wire. 
From 35 to 40 minutes is about the time required to 
complete a sounding in say 1,500 fathoms, inclusive of 
the necessary interval between the two portions of the 
operation, while the tube is at the bottom. 

Time may be saved by steaming ahead while the 
wire is being hovein ; and during a long series of sound- 
ings, when the depth only is of importance, the gain 
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round the rim of a rotating wheel. All that is necessar 

for its success is to have sparks so powerful that each 
single one giver a good impression of its speetrum on 
the film. Were the sparks absolutely instantaneous, 
the images taken on the rotating wheel would be iden- 
tical with those developed on a stationary plate, but 
on trial this is found not to be the case. The metal 
lines are found to be inclined and curved when the 
wheel rotates, and their inclination serves to measure 
the rate of diffusion of the metallic particles. The air 
lines, on the other hand, remain straight, though 
slightly widened. 

To avoid the tendency of the film to fly off the wheel 
when fixed round its rim, as in the original form of the 
apparatus, a spinning disk was constructed for us by 
the Cambridge Scientific Instrument Company. The 
film is placed flat against the disk, and is kept in place 
by a second smaller disk, which can be screwed lightly 
to the first. The diameters of the two disks are 33 and 
22°2 em., the photographs being taken in the annular 
space of 108 cm., left uncovered by the smaller disk. 
An electric motor drives the disk, and we have obtainec 
velocities of 170 turns per second, though in our experi 
ments the number of revolutions was generally about 
120, giving a linear velocity of about 100 meters-second 
for that part of the film on which the photograph was 
taken. 

The electric discharges were obtained from a battery 
of six Leyden jars, having a total capacity of 0°038 
microfarad, and being charged from an induction ma- 
chine constructed for us by Mr. H. C. Wimshurst. 
This machine has twelve plates of 62 em. diameter 
and gives sparks which are 13 inches long. 

The electrodes were, as a rule, placed 1 cm. apart, 
and an image of the spark was projected on the slit of 
the spectroscope, the distance of the slit from the elec- 
trodes being equal to four times the foeal length of the 
projecting lens, so that the image was equal in size to 
the spark. The prism used was made by Steinheil, 
and had a refracting angle of 60°. 

We now pass to the description of the results ob- 
tained when the spectrum of a single spark is taken on 
a moving film. A preliminary trial with various 
metallic electrodes had shown us that the sharpest re- 
sults were obtained with zine, and we therefore chose 
that metal for our first investigation. The principal 





thus effected may be considerable. The specimen, 
however—especially when the bottom is soft—is liable | 
to be sucked out of the tube when the latter is towed 
rapidly through the water. Moreover, accidents to| 
the wire are by no means of rare occurrence when | 
heaving in from very deep water, and the risk of part- 
ing the wire is greatly increased when steaming ahead. | 
On this account it is, perhaps, more satisfactory to | 
wait till the tube is recovered and a good specimen ob- 
tained. 


| 

We are indebted to London Engineering for the | 
above description and engravings. 
THE CONSTITUTION OF THE ELECTRIC 


SPARK.* 
By ARTHUR ScuustER, F.R.S., and G. HEMSALECH. 


WHEN an electric spark passes between metallic 
electrodes, the spectrum of the metal appears, not} 
only in immediate contact with the electrodes, but | 
stretches often across from pole to pole. It follows} 
that during the short time of the duration of the spark 
the metal vapors must be able to diffuse through 


The following investigation was undertaken prima- 
rily to measure this velocity of diffusion with the spe- 
cial view of comparing different metals and different 
lines of the same metal. 

Feddersen published, in the year 1862, an interesting 





JINDER FOR SHALLOW WATER. 


research, in which photographs of sparks passing be- | 
tween different metal poles are taken after reflection | 
from a rotating mirror. He could from his experiments | 
draw some conclusions which have a bearing on our | 
subject, but it was necessary for our purpose that the | 
light should also be sent through a spectroscope, so as 
to distinguish between the luminous particles of air 
and those of the metal poles. 

The method of the rotating mirror tried during the 
course of several vears in various forms by one of us did 
not prove successful. On the other hand, good results 
were obtained at once on trying the method used by 
Professor Dixon in his researches on explosive waves. 


* Abstract of a paper read before the Royal Society, February 2, 1899, 
and published in Chemical News, London, 








lines of zine as they appear on our photographs are the 
double line, the least refrangible of the two having a 
wave-length 4924°8, and the blue triplet, the wave- 
length of the leading line being 4810°7. All the lines 
are curved on the photographs taken with the spinning 
disk, but the displacements, especially near the poles, 
are subject toconsiderable variations. This is probably 
due to the fact that the path of the metallic particles is 
not always straight, and, if straight, its image does not 
necessarily coincide with the slit. A very slight error 
in measurement will also affect the results considerably 
when the total displacement measured is small. Our 
results do not for this reason allow us at present to 
give any opinion as to the maximum velocity of the 
particles near the pole; but if these are considerable, 
they drop down very quickly to speeds which, in the 
case of zine, are not far off 500 meters-second. 

We have adopted two methods of comparison be- 
tween different photographs. We have in the first 
place measured the displacements at a number of 
nearly equidistant points, and from these measure- 
ments we have deduced the time taken for a metallic 
molecule to pass from the pole to a point 2 mim. away 
from it. If this method could be applied in every case, 
it would form a rational and consistent basis of com- 
parison. But the eurved lines which are to be measured 
are often very diffuse near the pole ; this, and the con- 
tinuous spectrum, may render it impossible to obtain 
satisfactory measurements at that point. In order not 
to have to reject unnecessarily a large number of meas- 
urements because the spectrum near the pole was in- 
distinct, we have adopted another method, which, 
though less rational than the first, is found to give 
consistent results. From all our measurements we nay 
deduce certain figures for the molecular velocities at 
different and generally equidistant points on the photo- 
graphs, and may take the average of all these figures 
as the mean velocity of the particle. In the following 
tables, V, will always refer to the mean velocity be- 
tween the pole and a point 2 mim. away from it, while 
V, refers to the average velocity taken for different 
distances, as just explained. The influence of change 
of capacity and change in the length of the spark was 
investigated in the case of zine, and the following 
tables exhibit the results, As the zine lines are sharp 
near the pole, the first of the above methods of meas- 
urement could be appiied. 


TaBLe 1.—Average Velocity (V:) in metres/second of 
Zinc Molecules. 


Sparking Number of jars. 
distance. Wave-length 2 4 
C.m 
0-51 4925 814 556 416 
4811 1014 668 529 
103 4925 400 499 415 
4811 501 548 545 
154 4925 723 1061 435? 
4811 1210 1526 492? 


The first striking result to be deduced from the table 
is the uniformly higher velocity deduced from the 
double line 4925, as compared with that found when 
one of the lines of the triplet is measured ; for we have 
ascertained that the two first lines of the triplet are 
always displaced by the same amount, and the third is 
so much mixed up with the air lines in its neighbor- 
hood that it cannot be measured. It was one of the 
objects of the investigation to detect, if possible, differ- 
ences of this kind, which might be accounted for. by 
the fact that the molecules producing different lines-of 
the same spectrum have not necessarily the same mass. 
We nevertheless hesitate to ascribe the smaller apparent 
velocity derived from A = 4925 to this reason. This 
line, as has been mentioned, is one component, of a 
double line, and the doublet is not radioed on the 
photographs taken with the moving film. Near the 
pole where the light is strong, the edge of the least _re- 
frangible component of the doublet would be eonsider- 
ed to be the least refrangible edge of the doublet ; but 
near the center of the spark the light is weaker, and 
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the lines, owing to the motion of the wheel, are drawn 
out towerd the violet. The most intense portion of 
the image will here be that part where the two lines 
are superposed, aud in wishing to set the cross wire on 
the edge of the line, we should be tempted to set it on 
the edge of the most refrangible component. There is 
reason to believe that this is the cause of the greater 
deflection of the double line, and the photographs 
show sowe signs that if this source of error is elimin- 
ated, the molecule giving out the double line moves 
more quickly than that giving rise to the triplet. We 
reserve the decision of this point until we have been 
able to apply greater dispersion 
Comparing the sparks obtained with different capac 
ities, it is found that when thespark gap is small there 
seems a very curious diminution of velocity as the ca- 
pacity increases ; this is not what should have been ex- 
pected at first sight, as with the large number of jars 
we should expect higher temperatures, and therefore 
greater velocity of diffusion. When the spark gap is 1 
em., the experiments do not reveal any marked change 
due to capacity. When the gap is increased still turther 
the sparks become very irregular and unsteady, and no 
certain conclusions can be drawn from our measure- 
ments ; the numbers marked with a query are specially 
doubtful. When six jars are used, practically identical 
numbers are obtained for all sparking distances, but 
with small capacity the centimeter spark seems to give 
a lower result than in the two other cases. While we 
should not like at present to consider this as an estab- 
lished result, the table serves to show that the centi- 
meter spark and the highest capacity used gives the 
most consistent numbers, and our experiments with 
other metals were all made under these conditions, ex- 
cept in the case of bismuth, where clearer spectra were 
obtained with only two jars. 
Comparing different metals with each other, we find 

in the first place that those having comparatively low 
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charges may then pass. Our experiments point to the 
fact that the periodic time was rather too small in our 
experiments to give the best results. 
molecule before it has had time to reach through a 
sufficient distance was possibly affected in its motion 
by the subsequent oscillation. We hope to remedy 
this defect by introducing still higher capacities than 
those used. Our experiments allow us to give the fol- 
lowing approximate numerical data. The air rendered 
luminous by the first discharge remains luminous for a 
time of about 5 x 10~" seconds, the metallic vapors then 
begin to diffuse and reach the center of the spark (the 
gap being 1 em. long) in atime which, in the case of 
cadinium, was about 6 x 10-* seconds. The periodic 
| time of the oscillations with our six jars and a circuit 
possessing as little self-induction as possible was about 
|} 2 X 10-* seconds. The metallic vapors remain lumin- 
| ous in the center of the spark for a longer period than 
near the poles. The duration of the time during 
which some luminosity can be traced with a discharge 
from six Leyden jars is about 1°5 x 10~* seconds. 








DISINFECTION OF ROOMS BY MEANS 
OF FORMIC ALDEHYDE. 
WE have already deseribed some apparatus that per- 
mit of diffusing small quantities of formic aldehyde 
through the atmosphere of a rvom so as to effect the 
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atomic weights, viz., aluminum and magnesium, have 
higher molecular velocities. With 
metal vapor is scattered about to such an extent that 
no measurements could be made, but the average 
velocity of the aluminum molecule was found to be 


over three times as great as that of zine, the numbers | 


not laying any claim to accuracy. Comparing zinc and 
cadmium with each other, we obtain almost identical 


numbers, both for the corresponding doublet and trip- | 


lets. 
Bismuth gave remarkable results. 


meters-second. For other lines the velocity falls 
down to that of zine and cadmium, while one line 
(A 3793) has a still lower velocity 

We have not obtained satisfactory results with mer 


cury ; the best were those in which poles used were | 


of zine or cadmium, which were covered with amalgam. | 
Differences in molecular velocities were obtained for 
different lines, but the result here is not so certain as 
with bismuth. 

There is obviously no simple law connecting these 
velocities with the atomic weight. 

Dr. Feddersen was led through his researches to the 
conclusion that the metallic particles after being once | 
torn off from the electrodes by the discharge took no 
further part in it, were thrown irregularly into the} 
space surrounding the electrodes quite independently 
of the electric current. Although in some cases, and 
especially with magnesium poles. there is some evidence | 
that this is partly true, we are led to take the follow-| 
ing modified view of the matter. 

The initial discharge of the jar takes place through | 
the air; it must do so because there is at first no 
metallic vapor present. The intense heat generated by 
the electric current volatilizes the metal, which then be 
gins to diffuse away from the poles; the subsequent | 
oscillations of the discharge take place through the 
metallic vapors and not through the air. We find con-| 
firmation of this view in a striking experiment which is | 
easily repeated. If a coil of wire be inserted in the | 
spark circuit of a Leyden jar, which may be charged 
either by a Wimshurst machine or an induction coil, 
tha air lines disappear almost completely, the metallic 
lines alone remaining ; the nitrogen line at 3995 is the | 
only one which seems to remain with undiminished | 
vigor. According to our view we should explain the} 
experiment by saying that the coil which adds self-in- | 
duction lengthens the duration of the discharge, and | 
allows time for the metallic molecules to diffuse pro- | 
perly into the spark gap. A great part of the energy | 
of the current may then do useful work by heating up | 
the metallic molecules instead of those of air. Mr. | 
Hemsalech is at present engaged in investigating the 
changes in the metallic spectra which accompany the | 
insertion of self-induction. 

The first spark passing through the air will give rise 
to a sound wave, which, during the complete time of 
the discharge, will only travel a few millimeters. We 
may therefore consider that the mass of metallic 
vapors suddenly set free is driven by its own pressure | 
into the partial vacuum formed by the heated air. It 
would seem more correct to liken the process to that of 
a gas under pressure flowing into a vacuum than to 
that of a pure thermal diffusion. There is not much 
difference between these views, and we may take it that 
in our experiment we have approximately measured | 
the velocity of sound in the metallic vapors. This | 
gives a relation between their temperature and density. 
If we neglect the differences in the rates of specific 
heat, we find approximately— 

V = 80 fT Q 

where T is the absolute temperature, and p the vapor 
density referred to hydrogen. Thus for cadmium the | 
average wolecular velocity found was 560, and substi- 
tuting p = 56 we obtain T = 2700, which seems a possi- | 
ble value. Hence we conclude that the molecule of | 
cadmium in the spark cannot have a mass which is| 
much smaller than that directly determined near the 
boiling-point of the metal. 

In conclusion we have also taken some photographs 
in which the slit was directly focused on the sensitive 
film without the interposition of the film. The photo- 
graphs show «a straight image of the slit followed by a 
number of curved bands extending from both poles 
into the spark gap 

The straight image we consider to be the initial dis- 
eharge through air creating sufficient heat to fill the 
space with vapor through which the oscillating dis- 








magnesium the! 


In spite of its 
high atomic weight some of the lines are but little dis- | 
placed, indicating an average molecular velocity of 1420 





| bear his name, has just devised a formic aldehyde 


| of gas, upon their exit from the boiler, meet in the cen- 
| tral chimney, mix with the hot gases from the source 








ious insects. The disinfection is usually comp. ¢, ang 
ir|}is performed quite economically, since 90 gra: sues of 
The metallic | formic aldehyde are obtained from 100 of triox\ \ethy. 


lene. The dissociator contains 100 grammes o rioxy. 
methylene, and is but 17 centimeters in heig! The 
chemical costs about four franes per 100 gram. +s, It 
is, therefore, possible to disinfect a room quite ¢\ aply 

By reason of its moderate size and the large «) oun} 
of sterilizing gas that it produces, the appar..rus ig 
destined to render great services. 

For the above particulars and the illustrat’ we 
are indebted to La Nature. 


HUMAN HAIR INDUSTRY IN FRAN‘ &£, 


ACCORDING to recent reports of the represeni tives 
| of the United States government in France, tli- cep. 
|tral departments of Corréze, Creuse, Cher, lier 
Haute Vienne, and Dordogne are frequently visited by 
hair merchants having orders for human hair froin the 
United States. The dealers in this article say that 
the inhabitants must be very poor to permit the girly 
to sell their hair; then there must be a sufficient varie. 
ty in quality and shade to meet the requirements «of the 
market, and thirdly, there must be a recognized } lace, 
where those requiring to sell their hair can find buvers. 
All these conditions are met in the above mentioned de. 
partments, The soil is poor, stony, and hard to culti- 
vate; these low mountains might almost be called the 
foothills of the Alps. ‘They are for the most part bare, 
or covered with heather, affording pasture for goats and 
sheep. Almostall the en are masons, stonecutters, 
and builders. They leave their homes in the spring 
for different parts of France to work at their traces, 
returning when employment is no longer obtainable 
The wowen and girls look after the farm and ten the 
cattle, goats, and sheep. Their income is very small, 
and in order to buy a new dress or provide some luxury, 
the girls consent to sell all but the front part of their 
hair. Ashamed and humiliated by this act, however, 
they always wear a coiffe or handkerchief to cover 
their shorn heads. During the fair of St. Loup and 
the fair that is held on the last Thursday of August 
each year, there are regular meeting places where the 
seller and buyer make their bargains. The average 
price for a full, long head of hair is about 8s., but an 
exceptionally fine growth will bring 25s. These sums 
are counted upon in the annual income of a peasant 
family. 

The hair'shipped to New York passes through the hands 
of commission houses in Paris. Their agents make the 
purchases in the provinces, the payments being often 
made part in money and part in dry goods. There isa 
difference of 1 to 10 between the buying and selling price 
of the hair. To make up lots of hair, the darker shades 














APPARATUS FOR DISINFECTING ROOMS. | 


deodorization of it and the suppression of tobacco 
smoke, as well as the relative sterilization of the air. 
The small lamps devised for this purpose disengage so 
much formol that it is prudent not to allow them to 
operate too long. The mouth becomes dry, and it is 
preferable to manufacture the gas upon platinum | 
sponge at quite short periods. | 

The quantity of formol, however, produced by the 
transformation of methylic alcohol is absolutely inade- 
quate really to disinfect a room that has been con- 
taminated through an infectious disease, such as 
diphtheria, cholera, smallpox, searlet fever, etc. M. 
Guasco, theinventor of the antiseptic lamp which 


generator of great power and small bulk, which is 
based upon the use of trioxymethylene, a compound 
that dissociates itself under the action of heat and fur- 
nishes formic aldehyde. 

Trioxymethylene is a compound of three parts of for- 
mic aldehyde 3(CH,0O), and it was but natural to think 
of dissociating it into aldehyde CH,O ; but no one had 
as yet succeeded in doing this practically because it 
was necessary to reach the temperature of dissociation 
with a simple apparatus and to prevent the ignition of 
the gases produced. M. Guasco has found a solution 
of the question in his ** dissociator,” which consists of 
three elements: (1) of a boiler; (2) of a support; and 
3) of a source of heat (analcohol lamp). The first ele- 
ment alone needs to be described, since the two others 
are known to every one. 

The boiler, which is of copper and cylindrical in 
form, is provided with an aperture closed by a screw 
plug and designed to permit of the introduction of the 
trioxymethylene. In the center there is a chimney de- 
signed to serve as a passage for the heat produced by 
the lamp. In the upper part of this chimney thereare 
two apertures facing one another through which the 
gas produced by the decomposition of the trioxymethy- 
lene escapes in measure as it is formed. The two jets 





of heat (from which they are separated by wire gauze 
in order to prevent their ignition), and finally become 
dissociated and completely converted into formic alde- 
hyde. 

At the bottom of the boiler there is a layer of fusible 
metal of slight thickness. When the lamp is lighted, 
the metal becomes liquid and remains constantly at 
the same temperature during the entire time of the 
operation. The trioxymethylene contained in the 
boiler, which is in contact with the metal in a state of 
fusion, is decomposed under the influence of the uni- 
form temperature and converted into gas. 

In order to disinfect a room thoroughly, the latter is 
completely emptied, and no one is allowed to enter it. 
All crevices are closed by pasting paper over the joints 
of the doors, windows, ete., and the lamp of the dis- 
sociator is lighted. Previously to this, the cubage of 
the room should have been determined, and two 
grammes of trioxymethylene to the cubie meter should 
have been put into the boiler. For a disinfection fol- 
lowing a very contagious disease, it is well to use four 
grammes per cubic meter. The door of the room 
should be closed, too, with strips of paper pasted over 
the joints, and the apparatus should be left in place 
for twenty-four hours. 

The operation must be the same if it is desired to de- 
stroy moths in closets, and, as a general thing, all nox- 








of the French are mixed with blond and light hair from 
Germany and Switzerland. A few ounces of white is 
often put in a bunch of cheap stuff, to make it sell. In 
many instances the French and German buyers ex- 
change, so as to supply the markets of the two 
countries. This industry is increasing annually, and 
the probabilities are that it will be more extensive ir 
the future than at present.—Journal of the Society of 
Arts. 


DEVICE FOR EMPTYING BOTTLES. 

THE apparatus represented in the accompanying 
figure, from La Vie Scientifique, is designed for the 
use of lovers of fine wines, who rightly object to drink- 
ing such beverages after they have been rendered tur- 
bid through shaking the bottle in which they are con- 
tained. 

After the bottle has been carefully uncorked and its 
neck has been wiped, the cork is reinserted loosely and 
the neck is passed through the ring, as shown in the 
figure, care being taken that the traveler which slides 
along the rod shall abut against the bottom of the 
bottle. 

The cork is then gently removed and the wineglass 
is allowed to touch the neek of the bottle, since, with- 
out this precaution, some of the liquor wight fall upon 
the table cloth. 

After the glass has been filled, the bottle is gently 





DEVICE FOR EMPTYING BOTTLES. 


raised by pushing it upward with the rim. If the jv \ 
upon which the apparatus pivots is too stiff, the ser: 
in the center is loosened ; and if the contrary is 

ease, the screw is tightened. 





Consul-General Goodnough, of Shanghai, strongiy 
recommends an Awerican-Chinese exhibition in Shanz- 
hai. He says that practically all foreign iiade with 
the middle and north of China goes through Shang!:ai. 
and that an exhibition held there will reaeh the trade 
of Yang-tse valley and the north, d 
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ENGINEERING NOTES. 
In Stanislau oil gas is being a good deal used for in- 


candes’ent lighting. The gas is used at a pressure of 
from || inch to12ineh. When 1'7 cubic feet per hour 
js use’. the Welsbach mantle gives 693¢ candles at 


first, 6> candles after 120 hours, 48'¢ after 500 hours. 
The fal! in lighting power is comparatively slow with 
oil gas. .nd the mantles are not so much worn by light- 


ing thy cas, for the kind of oil gas is not as explosive 
as is co. gas. The mantles are found to last from 400 
to 600 ours, P 


The Dismal Swamp Canal has again been put into 
service: ble condition at a cost of about $1,000,000 and 
will, according to report, says The Engineering News, 
be opened to navigation about March 1. The work 
was dove by the Lake Drummond Canal and Water 
Company, the present owners of the charter. It is 22 
miles long, with a depth sufficient for vessels drawing 
10 feet. It connects Chesapeake Bay with Albemarle 
Sound. and affords access to about 2,500 miles of river 
and bayou navigation in the Carolinas. The original 
eanal was completed in 1882, and cost $1,800,000, slave 
labor |eing used in its construction. It was built by 
the State of Virginia and the national government, 
each bearing half of the expense. 


The “tank” type of ship, we are reminded by a Ger- 
man contemporary, says The Shipping World, is now 
represented by 180 vessels, having 401,024 gross register- 
edtonnage. From the same source we gather that the 
first tank steamer, the *‘ Glickauf,” appeared in Geeste- 
munde Harbor in July, 1886, so the type has rapidly in- 
creased in favor. Of the 180 vessels referred to, no less 
than 70, of 210,586 tons, are English owned ; Germany 
coming second, with 22 such vessels, aggregating 65,112 
tons: Holland third, with 18 vessels, of 37,714 tons; 
Russia fourth, with 36 vessels, of 30,673 tons; and 
America fifth, with 10 vessels, and 16,987 tons. 


After having been lost for :more than fifty years the 
corner stone of the Baltimore and Ohio Railroad, laid 
in Baitimore July 4, 1828, was resurrected during Au- 
gust of last year. On the seventieth birthday of the 
road, last summer, a search was instituted and several 
surveys were made before the exact location of the relic 
was found. It was finally found on the old main line, 
between Mount Clare Junction and Gwynn’s Falls, 
buried about six feet below the surface of the ground. 
It was in a good state of preservation, the inscriptions 
being perfect. It is to be lifted from its underground 
resting place and placed upon a new marble base and 
surmounted by a marble shaft. 


Pictures of two interesting Baltimore and Ohio Rail- 
road buildings have been reproduced in a recent issue 
of an illustrated magazine. One is the building at 
Frederick, Md., which has been used since 1831 as a 
freight station and which is still devoted to that pur- 
jose. In the little cupola of the building a bell once 

ung which was always rung on the arrival of trains 
from Baltimore when horses were the motive power of 
the railroad. The other building is the station at 
Mount Clare, Baltimore, and it is noted as being the 
location of the first telegraph office in the world. It 
was from this building that Prof. Morse sent his cele- 
brated message in 1844 to his friends in Washington, 
40 miles away. 


The Railroad Gazette, in its yearly statistics of the 
output of locomotives and cars, says thatin the last 
year all the contracting locomotive shops in the United 
States outside of the railroad shops constructed 1,875 
locomotives, as against 1,251 in 1897. This is an in- 
crease of 624, or almost 50 per cent. This increase comes 
within 71 of representing the total output of 1894, and 
is greater by 218 than the increase of 1895 over 1894, 
which increase was the largest since 1887. The total 
output of cars will aggregate 105,158, of which 99,809 
are freight, 699 passenger, and 4,650 street cars. Of 
these 1,663 were for export. The last year was the best 
for the car building industry since 1890, the record break- 
ing year, when the total number of freight and passen- 
ger cars built by contracting firms was 103,000. 


An official table recently compiled to show the amount 
and methods of application of power in the German 
empire in various industries, including commerce and 
traffic, horticulture and stock breeding, gives the grand 
total as 3,421,194 horse power, procured from the fol- 
lowing different sources : 


es beac hed nc abet ee ng oon 18,364 
cates anche sikh 0 Ctokie . 629,065 
NN ns dak eeceesas Osbewens eendee 2,715,078 
Baws am . C006 ds subedaPhiede’ Geceedes ¥s 53,841 
Petroleum ....... e bhetnewas bebesdee 7,249 
Benzine, gasoline, ete .. ....... -- 3,501 
OE SR eee 1,298 
RIOMNOONNOE BER: «ccc ccccccccsesececcees 11,162 


Electricity was employed in 2,245 establishments. 
In the wnining and iron industry, about one-third of 
the total amount, or 994,050 horse power, was used ; in 
the manufacture of food stuffs, 686,279; in the textile 
industry, 514,986 ; in the machine industry, 182,767 ; and 
in the chemical industry, 83,164. 


“The limestone consumed for fluxing purposes by 
the blast furnaces in the United States in 1897 in the 
production of 9,652,680 gross tons of pig iron amounted 
to 4,247,688 gross tons,” according to The Bulletin of the 
Iron and Steel Association, ‘‘of which 3,680,666 tons 
Were cousumed by the bituminous coal and coke fur- 
haces in the production of 8,464,692 tons of pig iron ; 
524,271 tons by the anthracite and mixed anthracite 
and coke furnaces in the production of 932,777 tons, and 
42,751 tons by the charcoal furnaces in the production 
of 255.211 tons. The average consumption of limestone 
for the whole countr per ton of pig iron produced in 
1897 was a little over 0°44 of a ton. The total quantity 
of limestone similarly consumed in 1898 in the produc- 
tion of 11,773,984 tons of pig iron was 5,275,819 tons, of 
Which (25,729 tons were consumed in producing 1,203,- 
273 tons of pig iron made with anthracite and mixed 
anthracite coal and coke ; 4,503,200 tons were consum- 
ed in producing 10,273,911 tons of pig iron made with 
Saminons coal and coke, and 47,881 tons were con- 
sume in producing 296,750 tons of pig iron made with 
charcoai. The average consumption of limestone for 
the whole @untry per ton of pig iron 
aimost the same as in 1897, the figures being 0448 of a 


. ton, or about 0998 of a ton more than in 1897.” 


ELECTRICAL NOTES. 


The telephone is very extensively adopted in Japan. 
Exchanges now exist at Tokyo, Osaka, Kobe, Yokoha- 
ma and Kioto, that at Tokyo having no less than 4,500 
subseribers. Exchanges are shortly to be established 
at Nagoya and Bakan, while several more are pro- 
jected. According to The Electrician, a long distance 
ine connects Tokyo and Kobe, a distance of 376 iiles, 
the line communicating at intermediate points with 
Yokohama, Nagoya, Kito and Osaka. 


Science plays a more or less prominent part in the 
theatrical business of to-day. The Parisian papers, 
both secular and scientific, have been devoting columns 
to the appearance in Paris of some American vaude- 
villists of the gentler sex whose dresses were bedecked 
with hundreds of minute incandescent lamps. And 
now it appears that the electric vehicle has found a 
role of its own on the stage. In a play now running 
in Paris the comedian Baron traverses the boards in an 
automobile, much to the enjoyment of the audieuce.— 
American Electrician. 


In some recent experiments on magnet steel it was 
found that the intensity of residual magnetisin of 
thirty-five specimens, tested in the form of bars, varied 
from 220 to 560 gausses (lines per square centimeter). 
In the case of thirteen specimens tested in the form of 
closed rings the intensity varied from 625 to 860 
gausses. Assuming an intensity of 700 for a circuit 
such as is that of magnetos, the section of steel to pro- 
duee the same flux must be about thirteen times great- 
er than if a cast iron electromagnet were used, or more 
than twenty times greater than in the case of a wrought 
iron electromagnet.—American Electrician. 


The Blectric Vehicle Company, of New York city, is 
arranging to place orders for the construction of 200 
more cabs, says The Electrical Review. ‘There are to 
be 25 of the ordinary coupé pattern, 75 hansom cabs, 
50 fall-extension broughams, seating four persons each, 
and 50 three-quarter extension broughams, accommo- 
dating three persons each, the last two being new 
styles of venicles. All are to be delivered by June 1. 
A new building in Forty-second Street, near Third 
Avenue, is to be used as a construction and repair 
shop, and a charging station is to be built downtown 
and another on the east side, the company to operate 
100 vehicles from each station. 


The following is a list of plants in which 10,000 volts 
and over are used, given in the Elee. Tech. At 
Donaueschingen the voltage is 10,000, and the distance 
26 kilometers; at Eichdorf-Gruenberg the power is 
about 10,000 volts; in France the plant at Ardieres 
uses 10,500 volts, the distance being 24 kilometers, and{at 
Lavrey 12,000 volts and 30 kiiometers ; in Switzerland, 
at Combe-Garrot, 14,000 volts, 20 and 48 kilometers; 
in Monthoron, 15,000 volts and 60 kilometers; in Canada, 
at Trento, 10,000 volts and 21 kilometers; at Three 
Rivers, 12,000 volts at 27 kilometers; Chambly- Montreal, 
12,000 volts and 60 kilometers; in Italy, at Paderno, 
Milan, 14,500 volts and 33 kilometers: in the United 
States, at San Antonio, 10.000 volts at 24 kilometers ; 
Stockton, 10,000 volts at 16 kilometers ; Salt Lake City, 
10,000 volts and 22 kilometers; Folsom-Sacramento, 
11,000 volts and 38 kilometers ; Fresno, 11,000 volts and 
56 kilometers; Blue Lakes, 11,000 volts and 63 kilo- 
meters; Bakersfield, 11,500 volts at 25 kilometers ; 
Minneapolis, 12,000 voits ; and Mechanicsville-Schenec- 
tady, 12,000 volts and 39 kilometers. 


Messrs. Siemens and Halske have:been making a 
long series of measurements, says The Electrician, upon 
the electrical resistance of their own workmen and of 
men employed at the sugar factory at Oschersleben, 
where recent fatal accidents occurred from low-pressure 
alternating shocks. It appears that there is absolutely 
nothing definite about the resistance of the body. 
Measurements from hand to hand of the men in the 
sugar factory varied from 900 to 2,000 ohms. Measur- 
ing from the hand to earth, the men in each case 
wearing the wooden shoes customarily worn by Ger- 
man workmen, the resistance varied from 14,000 to 
over 150,000 ohms. Inthe evaporating room the resist- 
ances lay between 1,700 and 900 ohms. In the boiler 
house from 1,200 to 3,000 ohms. One man in the re- 
pairing shop, who happened to have on new shoes, 
showed more than 150,000 ohms, the remainder vary- 
ing from 1,500 to 7,000. Allof these measurements go 
to show that the resistance of the human body is an 
absolutely meaningless expression, and one that elec- 
tricians would do well to avoid in the future. 


In July, 1898, the Newport News Shipbuilding and Dry 
Dock Company completed what is perhaps the largest 
electrically operated jib-crane in the world. The der- 
rick jibis capable of having its outer end raised or 
lowered, thus giving to the hoisting blocks, which de- 
pend vertically from this end, a movement not only of 
rotation about the center of the derrick, but also of 
translation in or out from this center. With the outer 
end of the jib in its lowest position the hoisting blocks 
will, on rotation of the derrick, describe the circumfer- 
ence of a circle 207 feet diameter ; with the jib in its 
highest position these blocks, on rotation, describe 
the circumference of another concentric circle 88 feet 
in diameter, thus permitting the derrick to operate on 
weights lying anywhere within the circle ring whose 
maximum and minimum diameters are 207 feet and 88 
feet, respectively. The maximum load of 150 tons can 
be handled only within a ring whose maximum and 
minimum diameters are 147 and 88 feet respectively, 
but weights up to 70 tons may be handled throughout 
the entire field of operation, This feature of varying 
the radii at which the hoisting blocks can operate 
constitutes a most important difference between the 
derrick under diseussion and the 130 ton steam crane 
erected in 1893 on Finnieston Quay, Glasgow. In the 
Finnieston crane, which at the time of its construction 
represented the ideas of best English practice, there is 
no variation in the radius at which the hoisting blocks 
are carried, and, in consequence, the field of operation 
becomes narrowed toa single line, the circumference 
|of a cirele described by the blocks on revolving the 
crane. The advantages of the Newport News derrick 
are obvious. The maximum elevations, above mean 
| high water, for the hoisting hook in the high and low 





wade in 1898 was | positions of the jib are 118 and 69 feet, respectively, 


this giving ample clearance vertically for any probable 
conditions. 





SELECTED FORMULA. 


Silvering Aluminum.—The use of aluminum articles 
is steadily increasing, owing to the lightness and great 
durability of this metal. herefore a process latterly 
patented in Germany for silver-plating aluminum 
may be of interest. According to this process, the sil- 
vering of aluminum is accomplished, by electrolysis, 
in a cold bath containing silver nitrate and potassium 
cyanide in about equal quantities, as well as anh 
alkaline phosphate, preferably ammonium-phosphate. 
This plating is said to be exceedingly durable, and 
the method may, therefore, enjoy frequent applica- 
tion.—Technische Berichte. 


Desilvering or Dissolving Silver from Silvered Arti- 
cles.—The following processes from Workshop Receipts 
are said to dissolve silver without attacking copper, 
brass or German silver, so as to remove silver from sil- 
vered objects, plated ware, ete.: 

Cold Bath.—For dissolving silverin the cold the ob- 
jects are hung in a vessel filled with the following mix- 
ture: Sulphuric acid at 66° Baume, 10 parts; nitric 
acid at 40° Baume, 1 part, in which they remain for a 
greater or less length of time, according to the thick- 
ness of the coat of silver to be dissolved. This liquid, 
when it does not contain water, dissolves the silver 
without sensibly corroding copper and its alloys; 
therefore avoid introducing wet articles into it, and 
keep the liquid perfectly covered when notin use. As 
far as practicable, place the articles in the liquid so as 
not to touch each other, and in a vertical position, so 
that the silver salt will fall tothe bottom. Ip propor- 
tion as the action of the liquor diminishes, pour in 
small and gradual additions of nitric acid. Dissolving 
silver in the cold is regular and certain, but slow, espe- 
cially when the proportion of silver is great. The 
other more rapid process is then resorted to. 

Hot Bath.—Nearly fill a flat pan of enameled cast 
iron with concentrated sulphuric acid, and heat to a 
temperature of from 300° to 400° F.; at the moment of 
using it, pinches of dry powdered saltpeter are thrown 
into it ; then hold the article with copper tongs in the 
liquid. The silver rapidly dissolves, and the copper or 
its alloys are not sensibly corroded. According to the 
rapidity of the solution, more or fewer pinches of salt- 
peter are added. All the silver has been dissolved 
when, after rinsing in water and dipping the articles 
into the cleansing acids, they present no brown or 
black spots, that is, when they appear like new metals. 
These two methods are not suitable for removing the 
silver from wrought and cast iron, zine or lead; it is 
yreferable to insert the electric current in a cyanide 
»ath or to use mechanical processes. Old desilvering 
liquors become green after use ; to recover the silver 
they are diluted with four or five times their volame 
of water, then add hydrochloric acid or common salt. 
The precipitation is complete when the settled liquor 
does not become turbid by a new addition of common 
salt or hydrochloric acid. The resulting chloride of 
silver is separated from the liquid either by decanta- 
tion or filtration, and is afterward reduced to the me- 
tallic state by fusion with a mixture of sodium and 
potassium carbonate, or by any one of the many 
methods in general use. 


Ink for Hand Stamps,— Dieterich, in his Pharmaceu- 
tisehe Manual, gives the following formulas for inks in 
which an insoluble coloring matter is suspended in 
- oily vehicle, and those made from oil-soluble ani- 
ins : 

Inks in which the colors are suspended : 

ULTRAMARINE BLUE. 
(1) Ultramarine in impalpable powder.. 1 part. 
Ves et ee 


Giana Socteecv ecules 


GB) Wibemanasrimes . <6 6005.0 ss0e 1 part. 
Pastas i.i000065 00 ncavegeeruecem 9...‘ 
OU ei cccccccscevélesewes sectens ah ae 

GREEN. 

(3) Verdigris, in fine powder .......... 5 parts 
CR 20) 0.05008 5606000 s-eedcemn fi 
ORME. 0s ve vsccccise- sense cevecss as Se 


Mix the verdigris and oleic acid, and let stand 15 to 


20 minutes, then add oil. 


RED. 
(4) Vermilion ...... ee eT »--.. 2 parts. 
CVG GES, ciccicccceves scvvccvces = 
BLACK. 
(5) Lamp black (gas black) ..........-. 3 parts. 
CRIT GE. < seennss os cenmacece ninpee sen ies 


These inks should be labeled ‘‘ Shake before using.” 
Oil-Soluble Anilin Inks. 


RED. 

(6) Bordeaux red..... eeeree ee ere 15 parts. 
Anilin searlet........... Tee ie 
Crude oleic acid............ ++ mbinnt 50° 
CRMBOR Es in osc vevtic sevens « scssves 950 ** 

BLUE 

CT} IR INO no vos scnnsrevind ctagoues 3 parts. 
| rrr re ine censieeesaiil ey 
Crea ds-0 enbenirms kde ences Tees os.“ 

BLUE-BLACK. 

(8) Anilin biack........ 2. scccees 5 parts. 
CIT io. idee. an abekedeie. 4% e000. ies 
fg A yA AR a sais oc 

GREEN. 

(9) Anilin bDlae....... 00. cece eeeeeess 25 parts. 
Anilin lemon yellow.... .... ....+++- le 
fo” Perr iid ree 50 
4g rrr ee wir Pes e errs 950 * 

VIOLET. 
(10) Anilin violet........ o Vvenas eteee 3 parts. 
I ba in i 0 0 Voiieeds ci Hise 3 
CeO ONE i505 oct Bee Se scicde owes 3 95. “* 


In preparing these inks rub the anilin (oil soluble) 
to perfect smoothness in oleic acid; then add the oil, 
little by little, with constant rubbing. After incorpo- 
ration of the whole of the oil, heat the mixture under 
constant stirring to about 45° V. (167° F.)—Pharma- 
ceutical Era. 
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THE REMOVAL OF THE 
COLUMBUS. 


Ow New Year's Day the Spanish flag was lowered in 
the capital of Cuba, and the stars and stripes of the 
victorious republic of the west hwisted in its stead. 
From that moment Spain ceased to hold possessions in 
the West Indies. But the descendants of the conquis 
tadors did not wish to leave the mortal remains of 
the great discoverer, who ‘“‘once gave a new world to 
the kingdoms of Castille and Leon,” in a land now 
grown strange tothem. They wished to convey these 
sacred relics to a last resting place in Spanish soil 
On the 19th of January, the aviso ‘’Giralda” arrived at 
Seville with the casket of Columbus, amid the than 
dering salutes of the batteries on shore. The authori 
ties solemnly received the sarcophagus, and transferred 
it to the cathedral, where a requiem mass was sung. A 
few days before, the leaden coffin of the great Genoese 
had been opened, and only ashes and a few fragments 
of bone found 

The bones of Columbus seem to have been as restless 
as his life. On May 21, 1506, the discoverer died 
at Valladolid, and was buried there in the Franciscan 
convent. Three years later his body was taken to the 
Carthusian convent, Santa Maria de las Cuevas, in 
Seville. In the will which he made just before his 
death, Columbus expressed a wish to be laid at rest in 
Espafiola (Haiti), where he had established the first 
Spanish settlement; but not until four decades later 
was this wish carried out. Documents which have 
been preserved prove that the bones of the admiral 





REMAINS OF 








The cathedral. 
Cell in the citadel occupied by Colambus 
Inacription upon the leaden coffin. 


THE REMOVAI 


were deposited in 1549 on the right side of the high 
altar of the Cathedral of Santo Domingo, in Espafiola. 
When, by the terms of the treaty of Basel, signed in 
1795, the eastern half of the island was ceded to France, 
a leaden coffin with no mark upon it toindicate whose 
body it contained was removed from the right side of 
the altar of Santo Domingo to the Cathedral of 
Havana, and reinterred ou January 19, 1796. On 
September 10, 1877, while a new floor was being 
laid in the Cathedral of Santo Domingo, the workmen 
came across a swall chamber between the wall and 
the vault from which the Spaniards had removed the 
casket in 1795. In this chamber was found a leaden 
coffin containing human bones. From the inscriptions 
upon the coffin, it was evident that the Spaniards in 
1795 had not removed the remains of the discoverer, 
bat those of his son Diego, who had also been buried 
in the old capital of Espafiola. Another investigation, 
made on January 11, 1591, by the officials of the Do- 


minican Republic in the presence of the foreign con- | 


suls, confirmed this view.—lIilustrite Zeitung. 

A pumping station in the city of London, England, is 
about to be installed with what will probably be the 
largest gas engine plant. This plant will consist of 8 
double cylinder, horizontal gas engines, 4 of which will 
be rated at 260 indicated horse power each and the 
other 4 at 210 indicated horse power each. There will 
be a nuwber of smaller engines as auxiliaries. 
fuel will be coal gas. 


The | 
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EXPERIMENTAL CONTRIBUTIONS TO THE 
THEORY OF HEREDITY.* 


In this, the first part of a paper on reversion, the 
two following questions are dealt with, viz. : 
there invariably evidence of reversion? (2) May re- 
version, when it does occur, result in the complete or 
all but complete restoration of either comparatively 
recent or of comparatively remote ancestors? The first 
question is answered in the negative, but to the second 
an affirmative answer is given. In support of the view 
that reversion does not invariably occur, it is pointed 


pure-bred offspring of highly prepotent animals, such 
as Galloway, Aberdeen, Angus, and Shorthorn cattle. 
And (2) that there is sometimes no evidence of rever- 
sion in cross-bred animals. While it is deemed un- 
necessary to submit evidence of the fact, long recogniz- 
ed by breeders, that the offspring of highly prepotent 
animals are, as a rule, the image of their parents, it is 
thought desirable to submit evidence in support of the 
contention that in cross-bred animals indications of re- 
version may be wholly wanting. The following experi- 
ments bear on this point: (2) When a prepotent Gallo- 
way bull (which is black and horniess) is crossed with 
a Highland heifer, the result may be an animal which 
experts are unable to distinguish from a pure-bred 
Galloway—tbere may be neither a trace of the long 
horned Highland parent nor yet any indication of re- 
version. (b) A peculiarly marked skewbald (bay and 
white) Iceland pony mare, when mated with a whole 
colored bay Shetland pony, produced a foal which in 








The high altar of the cathedral. showing the barial-place of Columbus. 
he leaden coffin opened. 


- a 
duces pure white fantails, identical, as far as e*\erngj 
eharacters go, with their grandsire. (6) A ooth 
coated white rabbit (a eross between an Angora ind a 
smooth coated white buck), mated with a smoot. coag. 


(1) Is ed and almost white doe (the granddaughter of a |‘ ima. 
ch ig” 


| laya rabbit), produced a litter of three, one of w 
| the image of the mother, one is an Angora lil the 
grandmother, while the third isa Himalaya (wit : the 
characteristic black ears and muzzle and dark gra. feet 
and tail) like the great grandmother. 

The following experiment supports the view that 
there may be reversion to intermediate ancestors: 4 





fout (1) that clear evidence of reversion is rare in the| Dalmatian dog crossed with a well bred sable ollie 


produced three pups, which closely resemble young 
pointers—these pups, with their white ground color 
and four or five yellowish-brown patches, in all proba. 
bility reproduce fairly accurately the intermedia‘ an. 
eestors of the Dalmatian sire. This experimen: also 
| suggests that if prepotent ancestors occur along the 
| route which any given variety has traveled, reversion 
|may be at any point abruptly arrested. The remain. 
|ing experiments detailed afford evidence of more or 
| less complete reversion to comparatively remote aces. 
| tors: (a) An Indian game Dorking cock, crossed with 
ja dark bantam hen, produced, among other birds, a 
eockerel almost identical with a jungle fowl. It not 
only resembles Gallus bankiva in form and color. but 
also in being extremely shy and (unlike the Dorking- 
like members of the same brood) in its habit of flying 
away for a considerable distance when suddenly dis- 
turbed. (b) The zebra horse hybrids hitherto bred are 
in their markings very unlike their zebra parent, 








Ruins of the palace of Columbus. 
Vault in which the remains will be kept. 
Inecription upon a silver plate found in the coffin. 


. OF THE REMAINS OF COLUMBUS FROM SANTO DOMINGO. 


color, form, and gait is almost identical with the skew- 
bald dam—on no single point does it suggest the bay 
Shetland sire. (¢) A nearly black Shetland mare, when 
mated with a bay Welsh pony, produced a bay foal 
which in its make, color, ete.. is the image of the sire. 
(d) A pure white fantail pigeon, crossed with a blue 
pouter hen, vielded a nearly white bird having the 
form and habits of a pouter, but no suggestion of 
Columba livia, the supposed ancestor of the numerous | 
varieties of pigeons. (e) A white Shorthorn crossed 
with Aberdeen, Angus, or Galloway cattle results in 
| ** blue-grays,” which, though more or less intermedi- 
ate in their characters, rarely afford any evidence of 
reversion. It thus appears that, notwithstanding the 
“swamping effects of intercrossing,” the offspring of 


| quite distinct varieties sometimes afford no evidence of | 


reversion, and, further, that Galton’s law of heredity 
|(whieh teaches that the intermediate and remote an- 
cestors together contribute one-half of the total heri- 
tage of the average offspring) does not appear to hold 
in the case of highly prepotent animals. In dealing 
with the second question, experiments are first deserib- 
|ed in support of the view that there may be complete, 
|or all but complete, reversion to comparatively recent 
j}ancestors. (@) A blue and white fantail (a cross be- 
| tween a white fantail and a dark blue cross-bred fan- 
tail), when mated with a blue fantail, invariably pro- 





* By Prof. J. C. Ewart, F.R.S. (Commanicated to the Royal Society of 


Edinburgh, December 5, 1898, and published in Nature.) 





| When the sire or dam is a Burchell zebra, the hybrids 
in the arrangement of their stripes are not unlike the So- 
mali zebra (Equus grevyi), which is in all probability in 
its decoration the most primitive of all the living zebras. 
The zebra ¢-horse ? hybrids (Zebrules) bred by the au- 
thor at Penyeuik, and the horse ¢-zebra ¢? hybrids (Ze- 
brinnies), bred at Theobald’s Park, Herts, by Lady 
Meux, differ from the Burchell zebra parents, and agree 
with the Somali zebra in having (1) rounded instead of 
pointed arcbes on the forehead ; (2) more than twelve 
cervical stripes: (3) numerous stripes across the loins and 
croup—instead of five or six broad oblique stripes ; and 
(4) in having the mane extending some distance beyvnd 
the withers. 

In one of the Penycuik hybrids there are two sets 
of stripes over the hind quarters. In this hybrid the 
more pronounced stripes seem to have been inh -rit- 
ed through the zebra parent, while the less dist’ ct, 
which run in a different direction, have in all proba 
bility been inherited through the horse parent. his 
view is supported by the markings, usually foun:! in 
zebra-ass hybrids, in which the dorsal and shou'der 
stripes and the bars across the legs are, without don bt, 
inherited from or through the donkey parent, while the 
majority of the other markings are probably traus:it- 
ted by the zebra. (c) Mules and binnies are often wore 
richly striped than their parents ; e. g., a hinny <ecent- 
ly obtained at Penycuik by crossing a light-gray she 58 
with a bay Welsh pony has, in addition to dorsal aud 
shoulder stripes, distinct bars across the iegs ; there are 
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irs in either of the parents. - Moreover, this 


of a yellowish brown color and in nany ways 
re primitive than either of its parents. (d@) The 
pproach to complete reversion has hitherto 
Lined by crossing pigeons. 
rb-fantail with a barb-spot, produced a bird 


Darwin, by cross: 


neither the frill, short beak, or short round head of 
the owl nor yet the crest or bronzed black color of the 
archangel. The owl-archangel+fantail cross is almost 
identical in color, size, and form with the Indian. wild 
rock pigeon. The only essential difference is in the 
tail, for though there are twelve feathers (in the fan- 








MUNUMENT ERECTED TO THE MEMORY OF RUSSIAN 
FELL IN 


WHO 





THE 








SOLDIERS 


WAR OF 1878. 


“which was hardly distinguishable from the wild Shet- | tail parent there are thirty), the tail is slightly arched ; 
land species.”* 

Referring to this experiment, Weismann says that 
Darwin devoted his attention to the coloration of the | afford substantial support to the reversion hypothesis. 
species, and failed to state whether there was complete | 
reversion, i. e., a complete agreement in form as well as | 
inecolor of the barb-fantail-spot with the wild rock | 


pigeon. 


By way of settling whether in the case of 


pigeons complete or all but complete reversion occurs, 
the author first crossed an *“* owl” with an “archangel” | 
pigeon, and then mated the cross-bred bird with a|on the spot where twenty years ago the treaty of peace 


pure white fantail. 


** Animals and Plants,” 


vol. i., 


The owl-arehangel 


p. 210. 
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RUSSIAN MUNUMENT AT SAN 


this is the only suggestion of the white fantail sire. 
The author believes that the experiments recorded 


THE RUSSIAN MONUMENT AT SAN 
STEFANO. 
THE Russian memorial which rises near San Stefano, 
between Russia and Turkey was signed, was unveiled 


on December 18, with appropriate ceremonies. Situ- 
ated as it is on a hill near the village of Galataria, and 





After the ceremonies. 


STEFANO. 





surrounded by an eight-foot embrasured wall, the struc- 
ture from a distance presents the appearance of a fort- 
ress. In the interior a chapel has been built, and in 
a vault therein lie the bones of Russian soldiers who, 
during the war of 1877-1878, were interred on Turkish 
battlefields. It has taken years to exhume and collect 
these bones, and beneath the monument, it is said, lie 
the remains of 26,000 officers and men. The monu- 
ment is the work exclusively of Russian artists, and 
was completed after four years of labor. From the 
hill on which the structure stands, Constantinople, a 
portion of the Bosphorus, and the Sea of Marmora can 
be seen. By orderof the Czar, Prince Nikolai Niko- 
lajewitch was present at the ceremonies.—Ueber Land 
und Meer. 

THE NATURAL HISTORY OF CORDIERITE 

AND ITS ASSOCIATES.* 


THE last quarter of the present century has wit- 
nessed an extraordinary outburst of petrological activ- 
ity, due, in a large weasure, to the application of pre- 
cise mineralogical methods to the study of the consti- 
tuents of rocks. The petrologist, and through him the 
geologist, owes, therefore, an enormous debt of grati- 
tude to the mineralogist ; at the same time, the be 
fits have not been wholly one-sided. Mineralogy, 
coming something more than a mere catalogue 
crystallographic, chemical, and physical chara 
museum specimens, and this is largely due to 
fluence of petrology. It may end in breaking dow? 
artificial systems of classification which are in vogué; 
and introducing others more in accordance with genetic 
principles. 

A good illustration of the advantage of studying 
minerals from the natural history point of view way be 
obtained by considering some facts relating to the 
modes of occurrence and origin of corundum, spinelle, 
sillimanite and cordierite—four minerals which are so 
frequently found togetber that they have been eatied 
the “ faithful companions.” Corundum is erystallized 
alumina (A],Q;), true spinelle is an aluminate of mag- 
nesia (MgO. A),Os), sillimanite is the silicate of alumina 
(Al,Os.8i0-2), and cordierite is a silicate of alumina and 
magnesia (2MgO.2A1,0,.58i0,). The mutual replacing 
properties of ferrous oxide and magnesia and of ferric 
le and alumina cowplicate the comqeaeien of the 
spinelles and cordierite. All the minerals contain alu- 
mina, and it is this fact which determines their para- 
genesis. They occur, usually in combinations of two or 
more, under the most diverse geological conditions : 

1. As the constituents of foliated crystalline rocks of 
more or less doubtful origin. 

2. As the products of contact-metamorphism round 
plutonic masses. 

3. As the constituents of inclusions in plutonic rocks, 
dikes, lavas and agglomerates. 

4. As the direct products of the crystallization of 
igneous magmas. 

5. As the direct products of the crystallization of arti- 
ficial silicate-magmas. 

Cordierite-gneisses are found in many parts of the 
world in association with biotite-gneisses and other 
foliated crystalline rocks. Various views have béen 
expressed as tQ their origin. Some petrologists are 
content to refer them to the Archwan system ; others 
regard them as due to the contact or thermodynamic 
metamorphism of ordinary argillaceous sediments ; and 
others as rocks.of mixed origin, containing both igne- 
ous and sedimentary material. The last view, as ap- 
plied to certain members of the group but not to all, 
| derives support from the fact that where cordierite- 

rocks oceur as contact products, they always belong to 

the inner zone, and sometimes give distinct evidence of 
| the intimate intermixture of igneous and sedimentary 
material. 

Cordierite-rocks, often containing sillimanite and a 
green spinelle, have been recognized, during the pro- 
gress of the Geological Survey, at many points. in the 
Southern Highlands of Seotland, in the counties of 
Aberdeen, Banff, Forfar, and Argyle, and quite recently 
corundum has been detected in some of these; so that 
the list of the * faithful companions ” is now complete 
so far as Scotland is concerned. It is doubtful at pres- 
ent whether all the Stottish cordierite-rocks are of the 
same age and mode of origin. Some are contaet-rocks, 
but others may, for the present at least, be more safely 
classed with the older crystalline-schists. Ajl are un- 
doubtedly the result of the metamorphism of highly 
alaminous rocks. 

A very interesting case of the occurrence of all four 
minerals in rocks due to contact action has been. de- 
scribed by Salomon. It occurs in the southern part of 
the Eastern Alps round the great mass of female of 
which Monte Adamelio forms the culminating point. 

Inclusions, derived either from a contact-zone or from 
the erystalline-schist formation, containing two or more 
of the winerals in question, have been observed in ig- 
neous rocks occurring under the most diverse condi- 
tions in many parts of the world. They have been 
found, for example, in the tonalite of Monte Aviolo; in 
the kersantite-dike of Michaelstein in the Hartz; in 
the andesitic lavas of the Eifel, the Siebengebirge and 
the southeast of Spain ; and, finally, anong the ejeeted 
blocks of the Laacher See and Asawa Yaina in Japan. 
There is evidence, woreover, that in most of these cases 
the minerals, or some of them, occur not only as con- 
| stituents of the inclusions, but also as the direct pro- 
(duets of crystallization from the igneous magmas. 
| Thus in the wica-andesite of Hoyazo(Cabo di Gata) 
| ecordierite occurs in two forms : 1, as irregularly bounded 
|grains up to the size of a hazel nut, and 2, as sharply 
| defined idiomorphie crystals in a glassy base. The 

former are inclusions, the latter are crystals which 
| have separated from the magma. Rock fragments, 
| consisting very largely of a cordierite-gneiss from which 
| the isolated grains of cordierite have been derived, are 
also very common in this andesite. Osann, who bas 
described this very interesting case, points out that 
the abundance of indigenous ecordierite, coupled with 
the presence of numerous inclusions of cordierite, and 
cordierite-gneiss, points to the conclusion that por- 
tions of the foreign rock have been dissolved, and that 
a wagma of exceptional composition has thus beer 
formed, out of which cordierite has erystallized. Many 
other eases are known in which the solution of foreign 
aluminous material has so modified a magma that 














*Abstract of the presidential address delivered to the Geologists’ Associa- 
tion, by J. J. H.. Teall, F.R.S., om February 3. 
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members of the group under consideration have crys- 
tallized out of it. Wondeusn it is not necessary that 
the minerals should be present in the foreign material. 
It is sufficient that the necessary chemical constituents 
should be present. Thus a basalt from Kdllnitz, in 
Carinthia, has involved fragments of an argillaceous 
rock, and partially dissolvedthem. The normal basalt 
is holoerystalline, but in the neighborhood of the in- 
clusions it becomes glassy, and erystals of spinelle and 
eordierite, which are absent, both from the basalt and 
the inclusion, occur. The partial solution of the frag- 
tents evidently modified the composition of the basalt, 
so that it cooled as a glass after cordierite and spinelle 
had separated out. It is interesting to note, in passing, 
that the addition of alumina to the basaltic magma has 
tended to prevent crystallization. This effect of alu- 
mina is well known to glassmakers. 

The formation of corundum in an igneous rock as the 
consequence of the solution of argillaceous material is 
well illustrated by the case described 7 Prof. Busz. 
The mineral occurs round inclusions of clay slate ina 
felsite from South Brent. Many cases of the presence 
of corundum in igneous rocks under conditions which 
prove that it must have crystallized out of the magma 
are now well known; and among the most interest- 
ing are those recently found in Hastings County, 
Canada, where the mineral occurs in dikes of sienite. 
In these, however, there appears to be no evidence 
that the excess of alumina is due to the solution of 
argillaceous rocks. 

The remarkable synthetic experiments of Dr. Morose- 
wicz give a complete and satisfactory account of the 
chemical and physical conditions under which coran- 
dum, spinelle, sillimanite, and cordierite separate out of 
alumo-silicate magmas ; and, therefore, of many of the 
natural occurrences above referred to. Alumina is 
soluble in magmas agreeing in composition with albite, 
nepheline aud anorthite, or with mixtures of these, 
and erystallizes out as corundum on prolonged cooling 
at high temperatures. If both silica and alumina are 
present in axcess of that necessary to form feldspar, silli- 
manite is formed until the excess of silica is used up, 
and then the remaining excess of aluminacrystallizes out 
as corundum. The presence of magnesia determines 
the formation of spinelle, or of cordierite, or of both, 
according to the excess of aluinina and silica above that 
necessary to form feldspar with the soda, potash, and 
lime present. All these phenomena may be verified 
within the range of temperature in a Siemens furnace, 
such as that used in glass works. The minerals ob- 
tained are in every way similar, except as regards size, 
to those which occur in nature. 

It thus appears that the “faithful companions” may 
be formed either by the metamorphism of sedimentary 
deposits or as the result of the crystallization of igne- 
ous magmas of exceptional composition. In many cases, 
if not in all, the presence of these minerals in igneous 
rocks'is the result of the solution of argillaceous ma- 
terial. It seems fair to conclude, from their general 
absence from masses of granite and other igneous rocks, 
that the absorption of argillaceous sediments has not 
taken place on any large scale. But in drawing this 
inference caution is necessary, because, under plutonic 
conditions, the presence of water may lead to the for- 
mation of micas instead ofthem. Fused biotite gives 
rise to spinelle, and fused muscovite to sillimanite and 
corundum. —Nature. 


CONCERNING THE THEORY OF EVOLUTION,* 

It is both proper and common nowadays to remark 
that we live in an age of change. When people say 
thisthey generally mean that we have quit walking 
and riding horseback, and go about by electricity and 
bicycles, and expect presently to be sailing in air ships. 
Every one is impressed with the material advances 
that science is making; but when I say we live in an 
age of change, I do not refer to trolley cars, telephones, 
vitascopes, or anti-toxin for diphtheria, but to changes 
which are not so striking, yet on that account none 
the less real and important. I mean the changes in 
men’s minds under the influence of scientific thought 
and investigation. The material achievements—dis- 
coveries in light and electricity—are the most striking 
and attract the most attention ; but are they more im- 
portant than the effect of science on men’s theories 
and beliefs? Which is of more consequence—what a 
man is, his own thoughts, or the way he is carried 
about? I subwit it to you as quiet, thoughtful people, 
if the life of a man’s mind, bound up as it is with his 
immortal spirit, is not of infinitely more consequence 
than any material service which science can render. 
A good many people are afraid of the activity and 
spread of scientific thought, thinking it will take away 
belief in the supernatural, and so rob life of the 7, 
est interest. Do they forget that God made the world ? 
If the Bible came from Him, is it any the less true that 
the hills and the trees came from Him? Is the truth 
we find in them any less sacred than the truth we find 
in the Book? Truth is trath wherever it is found ; 
and it will never conflict with itself. If God has given 
us intellects and laid before us the volume of the natu- 
ral world, dare we turn away and refuse to read 
therein? Knowledge about the world is knowledge of 
its Creator. All truth is God's truth. Can aman be 
honest with bis own intellect and shut his eyes to any 
fact? Is it not your verdict that we would better 
make up our minds to inquire into the truth of every- 
thing, making sure that a faith that is well founded 
will not be upset by anything that is trae? Every fact 
is sacred. Our interpretation of, facts may differ, but 
we dare not refuse to look at them. ‘ Prove all things. 
Hold fast that which is good.” 

With this preface, we will look at this thought 
change. The process of change has been going on for 
several centuries, but it has never gone so rapidly as 
during the last thirty years. During this last genera- 
tion the thought activity of science has centered 
around one theory—the theory of organic evolution. 
This theory Charles R. Darwin hid in the meal of bio- 
oo facts, and it has gone on working until it bids 
fair to leaven the whole iump of human understand- 
ing. If we may trust some of those who are set to en- 
lighten the people, “evolution” means merely that if 
the folks of the Philadelphia assembly who delight in 
tracing their ancestry would go back far enough, they 


. Philadeiphia, February 3, 
facuity. Revised by the 
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would come to a chimpanzee as the eldest patriarch ; 
or, if we may depend upon others, evolution signifies 
everything that is, has arisen from the nothing that 
was ; still others tell us that evolution teaches that in 
times past the eggs of crocodiles hatched into birds, 
and the eggs of birds into—rabbits mayhap ; or that 
evolution means that animals sprang from plants much 
in the same way as Topey springs from a cabbage head 
in the magic lantern show ; or, if we may confide, in- 
deed, in certain persons who are sent to be shepherds 
unto us, evolution is a poisonous creed, emanating from 
the Evil One and specially invented by him to darken 
the light of the church. 

Evolution does not mean any of these things; but 
question any class, and you will find a wixture of all 
these notions, happily mixed with more or less right 
comprehension. 

at, then, is evolution? Wecan best get at it by 
astudy of some one living thing—let us say a bean 
plant. If you take up a bean seed, you will notice on 
the outside is a thin husk; and, tearing that away 
and looking at the [ ee within, you see two large, flat 
—— bodies, and beside that something that looks 
ike a short stalk, and, again, something which appears 
like a little bud. If you study it carefully enough, 
you will see that what is inside the bean is really a 
little plant. Where did the little plant come from ? 
That seems like an idle question. A bean is not formed 
in the ground, nor does it come down out of the sky; 
it came but from one source—from the mother bean 
lant. So do all seeds and so do all living things: 
ere then we learn the general — of biogenesis 
—the origin of all things living from a living ancestor. 

If the bean were placed under proper conditions of 
nourishment, under proper temperature and supplies 
of moisture, it would develop gradually different parts, 
which, in time, would show their nature. The bean 
will burst the husk ; and, from the time of its coming 
forth, the various parts will become more different. 
The first real leaves will be different from the pad-like 
bodies ; and, as the _ grows, it will get a greater 
number of parts, and these will be more unlike each 
other, until we have the long bean, twining around 
whatever support it can find, with tendrils and various 
leaves, and, later, with flowers, and, finally, with fruit 
again ; so the whole course of the story has been not 
only one of enlargement, but of acquirement of differ- 
ent parts. Here we have a second principle, common 
to all living things—the principle of differentiation. 

The next thing to notice is that this bean plant, 
after it is grown, bears a striking resemblance to one 
thing only—the kind from which it came. It does not 
grow into this, that, or the other. The offspring is 
like the parent. Here we have the law of heredity, 
every offspring simular to its parent. 

But in the last place, if you will look at the new 
bean plant carefully, you will see that it is not exactly 
like its mother ; and if iz plant all the beaus from a 
pod in the same soil and have them grow up under the 
same conditions of nourishment. they would not be ex- 
— alike ; even if you compare all the beans, in a 
gardener’s patch, you would find no two just alike. 
Here we have the four principles: biogenesis, differ- 
entiation, heredity, variation. 

In studying the bean so attentively, one could not 
have failed toask the question, ‘‘Where did beans 
come from?” or, for the matter of that, where did all 
plants and animals come from? There are only two 

ssible answers ; for no one can say that species have 

n eternal, or that they have made themselves. The 
first answer is that the Creator made the first ones of 
each kind directly. This view is called ‘‘ special crea- 
tion.” The only other possible answer is that of evo- 
lution ; and this answer means that the first bean arose 
as beans now do; that the plants and animals now 
living have gradually descended from others that have 
lived in times past; that living nature has come up 
like a great tree, with branches pushing further and 
further —_ and becoming continually more different 
from each other; that the great kingdom of life has 
unfolded from a simple beginning ; and that this sim- 
»le beginning, the ancestors of all we now know, came 
ww know not what. I repeat, we know not 
what. 

According to the principle that we should prove all 
things, let us take the theory of evolution on trial and 
see what evidence we can find of its truth or error. I 
need not refer to the Bible as an authority on these 
things. I think every one here will agree that the 
Bible is not sent to teach any scientific theory. God 
never tells us a,.truth that we can find out for our- 
selves, and when He was revealing Himself to man, He 
did not, in the same breath, tell him how He made 
beans. 

Any one familiar with nature would be likely to ob- 
jot to evolution, because it is contrary to what we see. 

here are many different kinds of living things, each 
es a its own kind ; so that the plants 
we find with the Egyptian mummies and in the Swiss 
lake dwellings are the same as we find to-day. The 
consideration of these facts led the older naturalists to 
deny emphatically the possibility of evolution. I 
know you are thinking that new species might be pro- 
duced by crossing, but the fact of the matter is, that 
most species will not cross; that is, if you place pollen 
from a bean flower on the stigma of a pea flower, there 
will be no result, and the same is true in most other 
kinds of plants and animals. In the exceptional cases 
the offspring is called a hybrid ; but such hybrids are 
generally incapable of reproducing their kind and die 
without offspring, as, for instance, the common mule. 
You will see at once that if hybrids are rare and then 
generally sterile, the origin of species by crossing is 
not likely. I should say that there are some fertile 
hybrids, as, for instance, among pitcher plants, wil- 
lows, and orchids, and even among the higher animals; 
and here new species are produced by crossing ; but 
such exceptional cases are of little account when we 
are considering an alleged universal process. 

Au apparent objection to the theory of evolution is 
lack of sufficient cause. Is it not asking a good deal 
that we should believe in a process of which no reason- 
able explanation can be given? Another objection is 
that no straightforward record of it can be found in 
the rocks. The first undoubted fossils we know of are 
animals half way up in the scale; and, even after the 
record begins, it is very broken. I lay stress on these 
facts because some ple profess to believe in the 


— 

But let us take a survey of all that is known « / plant, 
and animals and see if any further light can he 
from the facts. The evidence can be most conveniently 
grouped under three heads: I. From the for: and 
structures of living things, or a li. Prom 
their distribution or occurrence. III. From di: -ct ey. 
periment. 

Morphology might be studied in three way. The 
way the older naturalists did it was to gather t« ether 
all manner of forms and trace their resemblances ang 
wy them into groups, and these into larger , roups, 

hat kind of study of plants and animals we ca!! claggj. 
fication, and it was very much in vogue a hi: ndred 
years ago. Again, we might go deeper into the strue. 
ture, dealing with the internal organs and their parts 
and how they are pat ther, and seek out their re. 
semblances. Such a study is called anatomy ; and that 
was much pursued fifty years ago. Or, again, we 
might take up the study of the structure froin the 
standpoint of genesis—trace how each organ came 
about, how each individual acquired its structure and 
form ; that study is known as embryology, and has be. 
come very fashionable in recent years. 

Likewise we might study Occurrence in two ways; 
— ical distribution ; or in time—as fe- 

ed in the rocks. 

Beginning with classification, let us see which way 
these studies point. Have you ever noticed how much 
many plants are like each other? Take the different 
kinds of lady ~ rs. There is a kind that grows up 
tall and bears yellow flowers, and another has but two 
leaves and bears large purple flowers; yet there is q 
great resemblance. Among animals, although no one 
would mistake a tiger for a panther, they are much 
alike ; and a child would be inclined to call them “ big 
kitties.” Animabs and plants generally are assembled 
in groups which the older naturalists called genera, or 
families, or tribes. What is the meaning of this re. 
semblance? Every kind of plant and animal has others 
much hke it and which the older naturalists called its 
relations. ‘‘ Special creation” answers that it is be- 
eause all living things have been formed by one 
Creator, and are alike just as the buildings planned by 
one architect would be ; evolution insists that the so- 
called relationship is real and that flowers are alike and 
panthers and tigers are alike just as children of the 
same family are alike ; that in fact the different lady's 
slippers are children of the same family, and the pan- 
ther and tiger and all the rest of the catlike animals 
are children of the same family. I do not believe 
any one could givea third answer, so we must choose 
between these two. 

Looking a little further, we will see that these tribes 
can be united into | r ups and that in reality all 
sorts of plants and animals are constructed on a few 
great types. For instance, a number of animals are con- 
structed on the vertebrate or back-bone type and 
another great number on the starfish type; twelve 
or fifteen such » would include all the plants 
and animals we know of. Imagine a picture of a 
tree, branching low down into two trunks, and as 
these come up, subdividing into several branches. 
Suppose we take all the vertebrated animals to be re 
presented by one of these principal branches and the 
starfish-like animals to be represented by another, and 
consider the whole tree, branching at its base, to re- 
present, in its two sides, the animal and plant king- 
doms. Of course, the vertebrated type would break 
up into four or five divisions—into mammals, birds, and 
reptiles and fishes ; but the scheme would still fit very 
well. Then to express the carnivorous, herbivorous, 
and gnawing animals, you only need to subdivide one 
of these branches. Some time try to make any other 
sort of diagram to express the truth. This diagram, 
for instance, shows that fishes are more like birds than 
they are like starfish. Nobody doubts that fishes and 
birds both have backbones and starfish have not. By 
varying these branches you could represent every liv- 
ing thing and represent its correct relationship to every- 
thing else. If you think the diagram is without mean- 
ing, try to make another one that will fit the case. You 
could not satisfactorily arrange them as in a chain ; nor 
asareasinamap. Does the fact that the classification 
of living creatures takes the form of a family tree seem 
to you to have any significance ? 

t us look now at the general facts of anatomy and 
see what meaning may be got from them. Plants and 
animals are in reality much more alike than even their 
external ap ce would indicate. Thus, flowering 
plants and ferns were supposed by the older botanists 
to be constructed on entirely different plans ; but they 
have been found to so much resemble each other that 
the same terms are now used for designating the repro- 
ductive organs of the two divisions. It is a fact that 
whole groupe of creatures are builded on the same plan, 
however different their appearance and condition of 
life may be. Noone could argue that the prehensile 
arm of a monkey, the foreleg of a deer and the wing of 
a oo bore any special resemblance to each other; 
and yet you would find about the same bones joined 
together in nearly the same way : and, also, in the fore- 
leg of the turtle and of the frog you would find the 
same plan still to persist. Or, in the skeleton of a bear 
you will find in the neck seven vertebra, and in the 
neck of the squirrel the same number ; even in the long- 
necked giraffe we find no new ones ; and the almost ob- 
literated neck of the whale still has seven. So, beneath 
the greatest apparent diversity, we find the deeper 
similarity. This law of likeness runs all through the 
living world, I think if we looked awhile the question 
would gather great force. ‘‘ Why is the same structure 
retained when the needs are so different? Why is the 
wing of a sparrow like the leg of a deer?” Now, as in 
the case of classification, only two answers are possible. 
“* Special fereation” assumes that the Creator had in 
mind a certain structure and chose to limit Himse!f to 
itin making very different creatures. Why He who 
has infinite resources should do this is not explained. 
Evolution teaches that these creatures are so much 
alike because they are blood relations—that they re- 
ceived their structure from a common ee and it 
has only become modified to suit different needs. 

Before you decide which is right, I must point out 
something further, that structures are retained in many 
lants and animals which are useless. In the reptile 
ouse at the Zoological Garden, Philadelphia, you may 
have noticed (among other animals that are not rep- 
tiles) a long, salamander-like creature with *-~~. "7 
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weak to carry around the heavy body. Then why does 
the Am)! urna have legs ? Or, if you look at the python 
ghen he is coiled so that you can see the posterior ~ 
tion of ‘he body, you will see about the place where 
there ov “it to be legs that there are ind ‘places that 
suggest (<<8 3 and in the skeleton of the python you 
will fin’ a rudimentary pelvic girdle at that point ; 
and, the efore, there is all provision for legs, but no legs | 
ef any account. A few years ago, in dissecting a 
whale, - me one found deep in the muscles of the pos- 
terior » ‘tion of the body, where legs might be, two or 
three st: :!l bones corresponding in position and struc- 
ture to ‘he bones of the pelvie girdle. What use these 
bones h. ve I must leave for you todecide. These illus- 
trations are by no means isolated ; our own bodies are 
full of si uilar ones. How nearly wisdom teeth deserve 
to be classed here perhaps some present could tell us. 
After -onsidering all these facts, which is more prob- 
able—tiiat the Creator had one plan in mind and car- 
ried it cut to the degree of giving many animals useless 
organs : or, that these things represent inherited strac- 
tures wi:ich are in process of becoming lost because the 
ereature has adopted a mode of life for which they are 


no longer needed ? 

Turniag to the last of the morphological studies, in 
seeking to find out the origin of living things, would it 
not be :nost natural to study how they come into exist- 
ence now—that is, embryology? In watching the de- 
velopment of the eggs of plants and animals some sur- 
prising things have been observed. You know the 
embryos of all things come from a single cell—a fer- 
tilizedegg. If you were to examine the embryos of the 
young of one type, you would find their resemblance 
to be nothing short of astonishing. If you look ata set 
of pictures illustrating embryos at an early stage, you 
will notice this remarkable likeness. 

Moreover, a partly developed animal is likely to have 
a structure which does not belong to its kind but rather 
to some lower animal, so that it has long been known 
that each individual in its own personal development 
repeats, in a rude way, many of the structures of the 
animals that are below it. It isafact that when Nature 
sets about building arobin, she commences by survey- 
ing an outline for a fish, then gradually changes that 
by forming something more like a reptile than any- 
thing else, and only later modifies that into a bird and 
finally into a robin. Fishes breathe by gills; and the 
arrangement of the blood vessels in connection with 
this is very characteristic. If you should examine a 
robin embryo after the egg has been sat upon two or 
three days, you would find gill-clefts and the blood- 
system of the fish ; and robins are not different from 
other creatures in this respect; for everywhere we 
find organisms passing through stages of the forms be- 
neath them. This is true to so remarkable a degree 
that competent naturalists have been deceived into 
thinking that the young of a higher group of sala- 
mander (the axolotl) was the adult stage of the group 
below ; the fact was, that only the young of this group 
had been known and had been kept from developing 
by the cold mountain climate of its home. What isthe 
meaning of such facts as these? Those who defend 
the theory of Special Creation say that the organs of 
the embryos take these forms because they are best 
adapted to the needs of the embryos ; but this is quick- 
ly exploded because many of these embryonic organs 
could have no use. A calf has teeth in the upper jaw 
that never come through to the gums; arn embryo 
horse has five toes like other animals ; but perhaps the 
most impressive fact is that the gill-slits are found in 
the embryos of all vertebrates up to man himself. 
Whither do these facts point? Are we to believe that 
all these strange things were done for some purpose we 
cannot imagine, or accept the answer of evolution and 
regard them as the consequence and evidence of the 
relation of things living ? he only other view besides 
evolution which can account for this likeness is the 
unity of plan in the mind of God and the evolution of 
an idea; and I confess that I cannot see how the view 


on the Gala: 
tion to Mr. 
great theory. 

When we come to voleanic islands which lie far out 
at sea, we find two very noteworthy facts. In the first 
place we find few, if any, species which oceur any where 
else ; and such as are found are always somewhat like 
those on the continent from which stragglers might 
have come, just as if rare waifs had been borne thither 
and, becoming modified through long periods of time, 
only dimly betrayed their ancestry. It cannot be 
urged that these peculiar island species are specially 
fitted to their environment, because they are generally 
quickly driven out by the forms man has introduced 
from the continents. In. the second place animals and 

lants that could never have been blown or floated 
ong distances are never found on islands far out at sea. 
Large = and toads and frogs that are killed 
by sea water do not occur there. If Special Creation is 
true, why were creatures that could not have traveled 
far never created on Oceanic islands? Why is the co- 
coanut palm, whose thick - Snape seeds float for 
weeks in sea amber unharmed, the only my found 
on the far away coral islands and on th conti- 
nents ? 

Of course the believer in Special Creation must re- 
gard species as fixed units; and anything that would 
show that species are changeable would take away the 
corner stone of the doctrine. I think I can mention a 
case that almost does that. 

Several years ago I was exploring some of the caves 
of Southern Indiana. One of these was called Crawfish 
Cave and inhabited by the animal we call the crayfish. 
Over in Austria in Europe there are certain limestone 
eaves, also inhabited by crayfish. In temperature and 
composition of the water and all the conditions they 
are just as nearly as possible like the caves in Indiana 
as any two sets of environment could be; yet the cray- 
fish found in Crawfish Cave are similar to those found 
in the hills around, but of a different species ; while 
the crayfish found in the Austrian caves resemble those 
living in the streams of the hills around there. Does 
not this border on a demonstration of the origin of 
each of these underground species by divergent modi- 
fication from those living on the outside? Has the 
Creator placed all things then as if plants and animals 
came by descent to make us believea lie? Does not 
the denial of evolution lead to worse difficulties ? 

Turn from occurrence in space to occurrence in time, 
and consider the facts of paleontology. The statement 
of the argument here is—** Nearness of resemblance is 
connected with nearness in distribution ; and there 
has been a gradual unfolding as time went on.” But 
it is asked, ‘“‘ If there has been this =~ unfolding, 
where are the missing links?” Why don’t we know 
more about them than we do?—for it is a fact that miss- 
ing links are rare enough to be prized when found. 
There might be many reasons why there are not miss- 
ing links ; but it takes a great deal of negative evidence 
to balance a little positive evidence ; and the fact that 
missing links are found outweighs all the arguments 
that more are not found. One reason why missing 
links are few is the conditions under which fossils are 
laid down. No fossils are preserved except under very 
peculiar conditions. An animal ‘that dies in the field 
will not be preserved. A fossil will only be preserved 
when the creature sinks into a boggy place and so is 
half petrified and preserved, or else dies in some arm 
of the sea or along some coast where silt is being con- 
tinually deposited. The only chance for a land animal 
or plant to leave its fossil is either to sink in a bog or 
else fall in a river and be floated to a place where it 
can be covered with silt. How many animals that 
lived in this country a hundred years before the white 
|} man came here met with such accidents and were so 
| preserved, and how many that were preserved would 

ever be found? Is it not a wonder that we find as 
| many missing links as we do ? 
If geographical distribution in some places is a dem- 


that first suggested the idea of evolu- 
arwin, and set working in his mind the 





of the evolution of an idea gives a rational explanation | onstration of the origin of species by descent, fossil 
of the facts. He who adopts that view must believe; beds in some ‘places are a record of it. In Wurtem- 
that the Creator carried over into newer structures the| berg there are some old lake deposits that ruu through 
useless features of His last production ; it assumes that, ; a long time without a break, and abundantly contain- 
with infinite resources, He adhered to one plan and_| ing fossils of a genus of mollusks called Planorbis. In 
made a whale and an armadillo and a man alike simply | the lower beds of this series remains of this mollusk 
beeause He had one type in mind. Does not the view} are so much alike that any one would recognize them 
of unity of type in the mind of the Creator, and the| as the same species ; further up they become somewhat 
evolution of an idea, shake and totter by the very | different; and still further up they gradually break 
weight of its own implications? But it is the only es- | into kinds so diverse that no one would rank them as 
cape from the evolutionary hypothesis. the same. 

Passing from the first head, let us take up theevi-| Before we leave occurrence in time, I may ask you 
dence under the second—Oeceurtence. There are two! to notice that, whenever we can trace backward a se- 
kinds of Oceurrence—in space and in time. The argu-| ries like that of Planorbis, or the well known one of 
ment from occurrence in space can be expressed in one | the horse, we find it to be a line converging with other 
sentence. Nearness of resemblance is connected with | lines. If lines continually converge, they must come 
nearness of distribution. That is, creatures are related | together somewhere. 
to one another, not according to the conditions under | he facts under the third head—experiment—could 
which they are found, but according to the barriers to| be spoken of so much better fifty years hence, that 
their migration, such as a wall of mountain range or a/I think we had better leave it for the present. 
deep and ancient channel of the sea. This ishardto| Aside from all the facts, an a priori consideration of 
present in a few words ; but, to my mind, it is the most considerable weight is that Nature is continuous, and 
conclusive of all arguments for the theory of descent. | seems to work by orderly —— Things come to 
On the theory of special creation, we would expect that | pass now as a succession of related events; and, rea- 


the forms of life would be created each one for its own 
environment, and that in similar places we should find 
related creatures. That is precisely what we do not 
find. ‘ake, for instance, the conditions of life on the 
east coast on the Atlantic side of South America ; they 
are very similar to those on the Pacific side; but we 
find different orders of fishes and mollusks and sea- 
Weeds. If species are gradually modified, it is just 
what we should expect to see ; as the two shores have 
long been separated by a barrier that no fish or sea- 


soning from what we see to what we have not seen, it 
becomes strongly probable that they have always gone 
so. 

Thus the evidence can be outlined; but, in a discus- 
sion like this, its weight is not felt. The evidence is 
cumulative, and comes slowly; but it does accumulate, 
and it has accumulated in the minds of men until 
those who reject the theory of evolution are scarcely 
to be numbered among workers in modern biology. 

So far we have dealt with the fact of evolution. At 


weed could eross. once comes the question, How did all this come about ? 
The conditions found on‘islands are significant ; for | and the partial answer of this question was, perhaps, 
the difference between the inhabitants of an island’ Darwin’s greatest achievement. Fifty years before 
and of the mainland is in direct proportion to the ob-| Darwin, Lamarck had put forward the theory of evo- 
Stacles to migration. Madagascar, cut off by a deep) lution, and assigned as its cause the effects of use and 
and ancient arm of the sea from Africa, hasan entirely | disuse of organs and_the direct influence of environ- 
different fauna and flora ; while the British Isles, sepa- | ment. According to Lamarck, the Polar bear obtained 
rated by a prcten tg caer recent channel, have a fauna! his long, heavy hair by ae in a climate that re- 
and flora nearly identical with that of Europe. The} quired it; the giraffe developed his long neck by con- 
Galapagos Islands, off South America, are occupied by | tinually stretching after high foliage; and, in a like man- 
fauna showing evidently the stamp of South American | ner, the kangaroo acquired his great hind legs by much 
peculiarities ; though few of the speeies are exactly the! jumping. -But it was perceived that these causes were 
Satine. So it looks just as if colonists from the mainland | in nowise sufficient to aecount for the process, and La- 
tad oeeasionall: got across, and, becoming gradually | marck’s-evidence of the fact of it also being scanty, his 
work, after much ridicule, passed into oblivion. That 

It was this condition of affairs | was at the beginning of the present century. 


‘nodified, still showed plainly their- kinship with the 
snes on the continent 


In 1859 Charles R. Darwin, in his epoch-making 
book, the “Origin of Species,” brought out the 
theory of evolution again, this time supported by 
abundant evidence, and pointing out a most powerful 
and hitherto unsuspected cause—namely, natural se- 
leetion, or the survival of the fittest. Many persons. 
even those who have attempted to criticise Mr. Darwin 
and his works. have no notion of the meaning of the 
expression, or idea of the operation of the great cause 
which he called by this name. 

In the first place, note the fact that all plants and 
animals produce inany offspring—from the termite and 
the codfish, which bring forth their millions, to the 
comparatively slowly multiplying eagle and elephant, 
all organisms do multiply; yet. on the whole, the num- 
ber of inhabitants remaining about the same, only two 
offspring from each pair can survive. By far the 
larger number of the young plants and animals must 
die for mere lack of space and food. Of the ten thou- 
sand seeds that a thistle sends floating forth, only a few 
can possibly survive. A pair of rats, if all their off- 
spring lived, would in two years amount to a willion. 
It is easy to see, therefore, that with the earth being 
continually overstocked, there must be a great strug- 
gle for existence, in which the larger poste, of com- 
batants must perish. Now from the bean we learned 
the general laws of heredity and variation—that each 
offspring inherits the peculiarities of its nts, and 
that no two individuals are exactly alike. Among 
myriad offspring, there may be and often must be 
some who, by their individual peculiarities, are better 
able than others to live; and, since the race will be to 
the swift and the battle to the strong, these will be 
likely to live and their mates perish; and then the law 
of heredity, stepping in, will give to their offspring the 
character whien enabled them to win, and the race 
will be modified in the direetion of the winning char- 
acteristic. 

In the case of the giraffe, living as it does in a eoun- 
try full of herbivorous animals, and where foliage for 
their food is often at a premium, it is evidently an ad- 
vantage to have a loug neck. Among the antelopes, 
from which the giraffes sprung, there would certainly 
be some with longer necks than others; and these 
would be able to reach a line a little higher than their 
mates, and so find food in time of drouth when all on 
a lower level was gone. Thus the short-necked indi- 
viduals would perish, the ones with necks a little longer 
survive, and this being kept up, the species would be- 
come longer and longer necked, till the limit of useful- 
ness would be reached; and then, of course, all devel- 
opment in that direction would cease. This, then, is 
natural selection. Not, as many ignorantly suppose, 
that Nature is a conscious: something, which chooses, 
but. a mechanical necessity arising out of the condi- 
tions of the case. 

The battle for life isa very real one. The struggle 
for existence is not a figure of speech. In sentient na- 
ture, tooth and claw, speed and cunning, are desper- 
ately applied in the unending and bloody strife. Most 
of the combatants must perish. The doom of early 
death is written and sealed for ninety-nine of every 
hundred creatures that come into the world. Every 
wolf in a pack is strong, because all the weak ones have 
perished, and the members of the pack are the surviv- 
ors of a much larger number of cubs. The vastly 
greater number of creatures that begin life are either 
starved to death or killed outright by their enemies. 
Do you see how quickly ef variation of slight advan- 
tage to its possessor would be laid hold of and pre- 
served ? 

Natural selection is by far the most powerful factor 
of evolution; but there are other factors, such as use 
and disuse of organs, sexual selection, and perhaps 
others of which we know nothing. 

Naturalists are divided into several schools along this 
line. There is the Darwinian school, which follows 
Darwin exactly, saying that natural selection is the 
principal factor, and the others are subordinate. Then 
there is the Neo-Darwinian school, headed by Wallace 
and Ray Lancaster and Weissman, holding that natu- 
ral selection is the only factor, and that nothing else 
has had anything to do with it. And then the Neo- 
Lamarckian school, founded by our own Prof. Cope, 
which holds that natural selection is a subordinate 
factor, and the most important are use and disuse of 
organs and environment. 

not suppose the theory of evolution has anything 
to do with the origin of life. We are as summer butter- 
flies flying through a wood and seeing all hinds of trees, 
from the great pillars down to young seedlings, and 
saying to themselves *‘ Ah ! we see ; we understand ; all 
these trees have grown from tiny seedlings.” Would 
they know how the seedling got its start? Neither 
have we any notion of how life . We only say 
we think life grew, just as the butterflies of summer 
days might say, ‘‘ We think the trees grew.” 

Bat, it will a urged, does not evolution conflict with 
our ideas of God as creator of the universe? At first 
sight it would seem to. But I think the principal diffi- 
culty arises from failing to perceive that evolution is not 
a cause, only a process, that is tosay, it isa natural law. 
The law of gravitation does not cause a stone to fall to 
the ground: it merely shows what always happens 
under certain circumstances. And when we have called 
something which we do not understand “ evolution,” 
or “‘ gravitation,” we have merely given a name to our 
aw gunn an Evolution is a process and does not touch 

rst cause. It is the failure to recognize this that has 
made some scientists, atheists. When Huxley was ad- 
vancing in years, he said, ‘* Science deals only with sec- 
ond causes ; but back of all causes that we know there 
liesa great first cause, an uncaused cause.” The de- 
vout scientist is glad to believe that this uncaused 
cause is the God of Abraham, He who is our Father. 

The theory of evolution is only the latest successful 
attempt to reduce phenomena to law, and Darwin is 
not the first who suffered persecution from the repre- 
sentatives of religion. Galileo was accused of heresy 
because he said the earth was round. At that time he 
mnade a remark worthy of remembrance. Said he: ** The 
Bible is not to teach men how the heavens go, but to 
teach nen how to goto Heaven.” Harvey was called 
to account when he said that the heart pum blood 
instead of being the seat of good and evil. When 
Newton announced his discovery of gravitation, the 
anxious pulpit cried out again. 

You will notice that all along the scientists have been 








victorious. One class of phenomena after another has 
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been reduced to law, and the conviction that all things fortress. This stone will eventually be set into a niche 


proceed by law is a rising tide that knows no ebb. 

Perhaps the greatest service evolution has rendered | 
will some time be found to be that it bas forced us to | 
the conception that law is universal. Either God is 
the immediate agent of all that is done in nature, or He 
isso faraway that to us He isnothing. Weare driven 
from the old idea that God made the universe and sits | 
by to see it go on by itself, here and there miraculously | 
interfering 

Is this thought-change a loss, and does the victory of 
evolution take away the glory of the Creator? Which 
is most like Him we worship—that He should come | 
down to earth for six days and make lion, and beetle, | 
and snail and oak tree, as children make mud pies, or 
that He produced a world by processes of growth 
through majestic stretches of time? Does it not accord 
with our highest notion of the Deity to think of evo- 
lution asthe divine method of creation and gravitation 
the divine method of sustentation, these laws unchange- 
able because He is immutable ? 


THE PARIS METROPOLITAN RAILROAD. 


THE photographs that we reproduce herewith, and 
which were taken at different working points on the 
Paris Metropolitan Railroad, will, says Le Monde 
Illustré, surprise more than one pessimist. The work 
has advanced to such a point that the vaults are 
already formed, and the closing in of the street open- 
ings will soon be begun; so that, in certain quarters, 
the street will, ere long, resume its habitual aspect. 

Everywhere, from Place de la Nation to the Dauphine 
gate, the greatest activity prevails, and every one is 
equally anxious to end the work quickly, so as to be 
ready for the 14th of January, 1900. 

At Place de la Nation, where we shall begin, a new 
process is being applied in the construction of the | 
vault Instead of beginning by excavating a tun 
nel, archbuttresses simply are constructed, and then 
the earth is rounded off. The latter is first cov 
ered with a layer of plaster, and upon this are laid 
hollow glazed bricks, upon which, after they have been 
cemented, the earth is put back in place. While the 
masons are advancing from one side in laying these | 
bricks, workmen descend through a shaft to the floor 
of the future line, where they dig the tunnel and | 
gradually free the glazed ceiling that is protected by | 
the layer of plaster. We give an illustration of this| 
work, in which the line shown at the upper edge under 
the bricks is formed by the plaster more or less mixed 
with earth. 

From Place de la Nation we now proceed to the| 
work on Boulevard Diderot. Here we reach the tun- 
nel under construction through an entrance formed 
upon the site of Mazas prison. The somber prison is 
now completely razed, and its debris still strew the vast 
quadrilateral that it occupied. The materials derived 
from its demolition are used in the construction of the 
vaults of the Metropolitan. Work is here pushing 
with great activity, and the tunnels have been cleared 
for quite an appreciable length. 

From Boulevard Diderot to Rue de Lyon the line | 
forms a bold curve, in order to take a direction toward | 
the Bastille. From Rue de Lyon we pass to the work at | 
the Bastille. Here the quays are torn up upon the two 
banks. The tunnel under which the Saint Martin 
Canal passes is to be prolonged. The work of filling 
in the canal upon both sides is now going on, nothing 
being left but a channel in the center for navigation. 
Here the Metropolitan will emerge and then enter 
the ground again upon reaching the opposite shore. 
This latter has particularly occupied the attention 
of the friends of old Paris. The tearing up of 
the quay at this point and the prolongation of the 
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LAYING GLAZED BRICKS OVER THE 


of the great lines into Paris and their connections 
therein. Such modifications, however, insure the in- 
dependence of the projected railroad, since. although 
the city rolling stock will be able to use the lines of 
the large companies, the size of the Metropolitan tun 
nels will not permit of a reciprocity. 

The law of April 4 last authorized the city to borrow 
the sum of 165,000,000 frances that was de@ined “necés- 
sary for the construction of the system. 

The modification relative to the width of the rolling 
stock having carried with it an increase of the trans- 
verse section of the works, there has resulted a supple- 
mentary expense of 15,000,000 franes, and the preceding 
sum has, consequently, had to be raised to 180,000,000 
francs. 

The work of construction of line No. 1 and of lines 
Nos. 2 and 3, respectively, comprised between Place de 
Etoile and the Trocadero and Place de l’Etoile and 
the Maillot gate, was offered for bids and was begun 





SHIELD AT PLACE 


tunnel upon Rue Saint-Antoine has broucht to light 
certain vestiges of the Bastille. The old state prison 
has indeed been razed, but its foundations. which were 
formidable, have left traces that are still visible. Here 
we find part of an old staircase, and, just beyond, the 
laborers discovered a gold earring and a wedding ring. 
Both relics were carried to the Carnavalet Museum. 
In Rue Saint-Antoine, upon the very site of the per 





that we photographed, there was found a superb 
dressed stone that marked the limits of the ancient 
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DE LA CONCORDE. 


shortly after it was declared to be of public utility. It 
is thought that this portion of the system will be 
ready for use at the opening of the Exposition of 1900. 

The total length of the lines to be constructed is 
about forty miles. The cuttings, after the execution 
of the work upon Boulevards Courcelles, Batignolles, 
Clichy and Rochechouart, will be covered with a me 
tallic ceiling and will be protected by gratings. All 
the metallic work is to be of steel. 

The subterranean part of the work is executed by 
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the shield process, which has the great advi'itage of 
|in the tunnel, and upon its face will be engraved an| not interfering with traffic. All the masonry wo, 
inscription relating its origin. will be constructed of tufa, concrete, or block~ of the 
From Rue Saint-Antoine one must go to Place| latter moulded and compressed. In the cons‘ ruetiog 
Lobau in order to find an interesting working point. |of the masonry, facings, joints, etc., cement wi!! be ex. 
This ends at the Seine through a subterranean gallery, | clusively employed. 
which puts the H6tel de Ville in communication with The City of Paris is itself executing the work of gyp. 
the barracks of the Republican Guard on one side | structure, tunneling, and excavating, and cons ucting 
and the Lobau annex on the other, since this secret | the viaducts and passenger platforms. 
tunnel, as every one knows, is double. The concession of the operation of the city system 
The construction of this city system will -have to be! to the Compagnie Generale de Traction is granied for 
left in a problematical state as regards the entrance 'a period of thirty-five years. At the expiration of thig 
— 
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VAULT AT PLACE DE LA NATION. 


period the city will assume all the rights of the grantee 
upon the railroad and its dependencies. It reserves to 
itself the right to purchase all the rolling stock, equip- 
ments, and real estate. The city will be able to effeet 
the purchase of the entire system by May 31, 1934 
The following prices will be fixed for the carriage of a 
passenger from one point toanother.of the Metropoli- 
tan: For the first class, 25 centimes, and for the 
second, 15 centimes. Independently of the six lines 
that constitute the system conceded to the Compagnie 
Generale de Traction, two others are projected—one 
from the Palais Royal to Place du Danube and one 
from Auteuil to the Opera House. 





There has just been incorporated a new society of 
| about 500 members, known as the British Fire Preven- 
|tion Committee. Mr. Edwin O. Sachs is the founder 
|and the chairman of the executive. The committee 
includes officials of all trades or professions who may be 
either directly or indirectly interested in the preven- 
tion of fire, such as surveyors, engineers, municipal 
officers, architects, ete. The committee proposes (1) to 
direct attention to the urgent need that exists for in- 
creased protection of life and property from fire by the 
adoption of “‘ preventive” measures ; (2) to use its influ- 
ence in every direction toward winimizing the possi- 








WIDENING OF THE VAULT. 


bilities and dangers of fire ; (3) to undertake such inde 
pendent investigations and tests of materials, me‘ ods, 
and appliances as may be considered advisable. + 
testing station is being constructed near the Regent's 
Canal where such investigations will be carried out. 
Three test huts have been already put up. The tem 
perature inside these huts can be continuously record 
ed. This is done by thermo-junctions and reflecting 
galvanometers of the same type as Sir Roberts-Auste? 
uses at the Mint, 4 
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Ixnaf iuer article* we have described the first ap- 


paratus 


smoke ¢ vsuming devices, and it now remains for us 
deser' ec three others. 
The L) lac Apparatus.—In this apparatus the grate 
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TPPA'! \TUS FOR CONSUMING SMOKE.—II. | state bars are hollow, and through them circulates 











water coming from the boiler (Fig. 1). 
The grate is prolonged at the upper extremity by a 


iat received prizes at the competition of| cast iron plate over which the coal rolls and begins to 


burn. At the bottom the charge abuts against acylin- 
der, EZ, through which water circulates, and which 
forms a fire bridge ; and the ashes and clinkers accumu- 
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Fie. 2.—-THE HINSTIN SMOKE CONSUMING FURNACE. 














Fie. 3.—THE ORVIS, MULLER & ROGER SMOKE CONSUMING APPARATUS. 
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8 strongly inclined, and the combustible gases disen- 
faged by the freshly charged coal, as well as the air 
that has been highly heated by its passage through 
the coke, become mixed in a refractory chamber before 
Coming into contact with the heating surface. The 
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late upon the grate, D, which is cleaned from time to 
time. 

This apparatus, which is in use in several municipal 
works, is recommendable, especially as regards smoke 
consumption, for the rapidity with which it operates. 

The Hinstin Apparatus.—This apparatus, which is 
quite simple in construction and of comparatively low 
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cost, reproduces the process often employed by stokers 
for burning smoky coal upon ordinary grates, namely, 
that of combustion in two periods. In the first 
period, the coal is thrown upon the front part of 
the grate, where it becomes heated, and burns pro- 
gressively ; in the second, after it has become par- 
tially converted into coke, it is distributed over the 
entire surface of the grate. This principle is more 
methodically applied in the Hinstin apparatus, which 
consists of an ordinary grate, A, inclined toward 
the rear, and followed by another grate. B. The 
furnace is divided into two unequal parts by an 
arch, c, of refractory bricks that serves as a support 
to a Wall that forms a compartment in the combustion 
chamber. This arch is protected by a mask formed of 
a perforated cast iron plate. The coal is heaped up on 
the front part of the grate, where it begins to heat. 
After the burning has advanced sufficiently, the 
stoker shoves the coal to the back part of the grate, 
A, and at the same tiwe pushes the already burned 
residue upon the back grate, B, where it is finally en- 
tirely consumed. 

The ash pit is divided into two chambers by a mov 
ble iron damper, 2, which contains an aper 
that is closed by a shutter regulatable by hand 
permitting of varying the proportions between 
quantity of air that traverses the fresh fuel and 0 


which is nearly spent. A sight hole, H, permits of Prime ne wicW 


watching the operation of the furnace. 

This apparatus, whi, !) has already been installed in 
one’of the large estr\ iishments of Paris, is giving re- 
sults that are Highly appreciated therein. 

The Orvis, Muller & Roger Apparatus.—This appa- 
ratus has an air injector actuated by steam derived toma 
the boiler (Fig. 3). A certain number of snch injectors 
are installed around the furnace at properly selected 
points. An automatic blowing takes place for a few 
minutes after each charging, with the aid of special 
devices. 

The blowers consume a quantity of steam varying 
from 4°38 to 16 per cent. of the boiler production, and 
since they are capable of operating only On condition of 
the generator being under charge for the entire period 
of lighting, they are reduced to inaction and their 
efficiency (already mediocre of itself) is therefore still 
further diminished when they are applied to boilers 
that perform an intermittent service, as is especially 
the case in many electric works. 

a apparatus is easily installed and not very high 
priced. 

For the above particulars and the illustrations we 
are indebted to La Nature. 


“ADVICE TO EXPORTERS TO CHINA. 


In_ his annual report (to appear in Commercial Re- 
lations, 1897-1898) Consul-General Goodnow, of Shang- 
hai, says that the fact that trade with the United 
States increased, in spite of the decrease of shippin 
consequent upon the war with Spain and the disturbed 
political conditions in China, shows the solid basis of 
mutual demand. The great staples of export from the 
United States to China—kerosene and cotton goods 
—were in greater demand in 1897 than in 1896. The 
imports from the United States into Shanghai in 1897 
were valued at about $8,000,000. He continues : 

We do not advertise enough here. I do not mean 
by this newspaper advertising or advertisement by 
circulars. These appeal only to the few thousand 
foreigners sojourning here, but do not reach the hun- 
dreds of millions of Chinese. They will learn to ap- 

reciate our goods only by seeing them. I do not 

now to-day where in Shanghai I could buy an Ameri- 
can hat or shoe or underwear or collars or furni- 
ture ora telephone of improved quality or a maga- 
zine. I might make this list much longer. What 
goods we send here are usually put into the hands 
of people of other nationalities, who do not exploit 
them. I hope to see an exposition of American goods 
here in Shanghai, managed by Americans. It would 
vay to put one also in Canton and one in Chefoo or 

ientsin. 

Ih the next place, we do not cater to the trade here. 
Ouf steels mills have not supplied the rails for the rail- 
ways in Northern China, because the pattern is Eng- 
lish; and to make them would necessitate new rolls. 
The cotton men are just beginning to inquire if the 
widths, ete., they have been accustomed to make in 
America are what are really wanted in China. Only one 
Auterican life insurance company has reached out for 
this trade with any vigor. If this trade is to be taken 
and kept by Ameriea, its needs, customs, and supersti- 
tions must be studied on the ground by experts in 
each department. 

In the third place our merchants must be willing to 
settle disputes in regard to damages in shipment and 
disagreements as to quality and breaches of contract, 
as is done by English and Germans. The average 
dealer here will pay a higher price for an article if he 
knows that a cheap and speedy method of settling 
any possible dispute can be had. Methods of packing. 
means of transportation, exchange, banking, ete., must 
be studied by experts, each for his own line of- busi- 
ness. But all must show their goods to the Chinese, 
must study the wants of the trade, and must favor it 
by facilitating settlements of disputes. 

he ease with which the viceroy at Canton was in- 
duced to protect, in his province, an American firm 
in the ownership of certain trade-marks, and the cer- 
tainty with which the Chinese courts in this city pro- 
tect foreigners in trade-marks and. copyrights, leads 
me to believe that a treaty protecting our people in 
their patentee, trade-marks, and copyrights may be ob- 
tained. The proverbial imitativeness of the Chinese 
makes such a treaty highly desirable, all the more as 
our trade grows larger and more varied. 








The latest invention is a pipe line made of glass, says 
The Bradford Era. The glass manufacturing firm 
whose plant is located at Port Allegany. near Bradford, 
Pa., is preparing to make glass tubes that can be used 
for sending oil or gas across the country, for carrying 
off sewage, supplying cities with water, etc. The glass 
pipe does not corrode, it is impervious to electrolysis 
in underground conduits, and it is claimed is less likely 
to leak than iron pipe. An Ohio company is now put- 
ting in such a pipe line, and a practical test of the sys- 
tem will soon be possible for a distance of 100 miles, 
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TRADE SUGGESTIONS FROM UNITED 
STATES CONSULS. 

Traveling Agents and Foreign Languages.—Conxul 
Warner writes from Leipsic, August 16, 1898, of the 
value of the knowledge of foreign languages in the for- 
eign commercial business. He says : 

Germany furnishes us, undoubtedly, with one of the 
hest examples of real wideawake ond up-to-date meth- 
ods in the struggle for commercial supremacy. Her 
efforts in China, Africa, and South America in this 
direction, within the past few years, have demonstrat- 


ed most conclusively the great benefits to be derived | I 


from the possession of a thorough commercial know- 
ledge of the language of these countries! The first 
move a man makes in this country, who has an idea of 
entering the export or import business, is to acquaint 
himself with the language as well as the habits and 
wants of the people with whom he expects to have 
dealings. 

Our commercial class, contrasted with that of Ger- 
many or Belgium, may be perhaps a trifle below the 
average. Commercial travelers from the countries 
named can read and speak the language of the people 
with whom they have relations, while many of ours are 
unable to make known their wants, much less carry on 
a business conversation. It cannot be too strongly im- 
pressed upon the minds of those interested in commerce 
that the first thing to be learned is to be able to com- 
municate in an intelligent way with prospective cus- 
tomers. This can only be accomplished by study and 
application. For a little exertion, we would be reward. 
ed by a large increase in business and greater profits. 

Let us look at the United States trade with Germany 
to-day. It isa fact that a large percentage of our im- 
ports to and exports from this country are carried on 
either by German citizens or German born American 
citizens. Another thing, a great portion of this trade 
is transported in Gerinan bottoms. By a systematic 
training, the Germans are taught the value and neces- 
sity of the smallest details in connection with commer- 
cial life. The German merchants have studied our lan- 
guage, habits, and wants, and by their thrift and per- 
severance and knowledge of business, are able to con- 
trol much of the shipping which goes on between the 
two countries. 

While one cannot say too much in commendation of 
the business men of the empire of Germany and of 
their methods in connection therewith, one may have 
earnest hope that our commercial men will take iim- 
mediate steps toward seeing that young men who have 
an inclination to enter the mercantile world are afford- 
ed opportunities for securing the 7 | best possible 
commercial education. It will not be long before our 
business men will learn—if they do not know it now— 
that time and money will be wasted in sending agents 
to South America or other countries to solicit trade 
who do not know the languages of the lands to which 
they are sent. 


Suiting Methods to Scotland.—QOur manufacturers 
should keep constantly in mind the radical differences 
in the business methods of different countries, and 
avoid the mistake of assuming that they can extend 
their sales in one warket in the same way that they ac- 
quire trade in another. I venture to say that the plan 
of selling American goods through middlemen, as is often 
done on the Continent, would not be successful in Scot- 


land. This opinion has been arrived at after experi- | 


ence in making inquiries among business firms and 


companies, in response to requests from the London | 
and Liverpool agents of American manufacturers and | 


exporters. Almost invariably, | have been told by 
these firms that they prefer to deal directly with the 
American producer or exporter. They will not give 
orders to intermediate firms or companies. The excep- 
tions to this rule are in special lines, such as bicycles, 
Perera electric motors, and other electrical ma- 
chinery. It is my observation that large buyers of 
American wares and the best class of small dealers who 
are progressive buy directly from the producer or his 
representative in America. They avoid any middle- 
man who is anything more than an agent to take orders 
to be sent straight to the American manufacturer or 
exporter. Therefore, a warehouse for American goods 
here, managed by a company, would be useful only 
as a@ sample room. In this respect, undoubtedly, it 
— be of great benefit if the goods were well adver- 
tised. 

Most of our manufacturers and exporters are pursu- 
ing the right course to secure the widest possible sale 
of suitable products in Scotland. Their policy is to 
reach the leading dealers in each important community 
without the intervention of middlemen. This plan is 
best adapted to business conditions here and, when 
supplemented by the usual methods of working up 
trade—by the personal efforts of a representative of the 
manufacturer wherever practicable—has been success- 
ful and will prove more effective than any other. It 
has brought splendid results in some branches of trade, 
and may be expected to continue to swell the sales of 
American goods.—Rufus Fleming, Consul, Edinburgh, 
November 18, 1898. 


Wooden Boxes for Coal in Bngland.—Under date of 
November 28, 1898, Consul Halstead, of Birmingham, 
writes : 

The metal coal scuttle found in American homes, 
painted, japanned, enameled, in many styles and shapes, 
is not used in England. In its stead, there is used 
an ornamental hard wood box, made of any one of the 
different kinds of wood, furnished with a solid station- 
ary brass carrying handle, and a drop lid which con- 
ceals a galvanized iron coal box, which slips in and out 
of the box easily. It is really an attractive piece of 
furniture for a room, and to my mind is better than 
the metal coal scuttle. While this box may be used in 
some — of the United States, at this present mo- 
ment I am not able to recollect a single house which 
has one. I believe our hard wood manufacturers, be- 
cause of convenient supplies, could not only develop 
an export trade with these boxes, but could find a 
ready sale for them in the United States. 


for Mild Plating Steel in Bngland.—Consul 

Hals writes from Birmingham, November 30, 1898 : 

A large firm of edge tool manufacturers in this city, 

its line consisting of spades, shovels, forks, axes, adzes, 

ging ny N trowels, hoes, etc., requests me to ob- 
tain for them t 


e@ names of a few makers of steel suit- 





| from various parties who are engaged in sel 





able for its use. The manufacturers say: ‘Of course 
there are numerous varieties used, but our largest pur- 
chases are of mild plating steel in bars, sizes running 
between 2 inches by 4¢ inch to 4 inches by 1 inch.” 


Demand for Guns in Russia.—The following, dated[st. 
Petersburg, November 24, 1898, has been received from 
Consul-General Holloway : 

I am informed that the Russian government re- 
cently contracted a loan of 108,000,000 rubles ($55,512, - 
000) in France, to be used in replacing her artillery 
with rapid-firing small caliber guns. The trials by ex- 
yerts have been concluded, and the report is said to be 
in favor of the manufacture of a gun embracing the 
best points of a number tested. As 6,000 guns will be 
required within the next two zoate, and Russia will 
not be able to manufacture that number, contracts 
will be made with foreign firms to furnish the remain- 
der. 


Labor Saving Devices in China.—In reply to an export 
association in New York, Consul-General Goodnow, of 
Shanyhai, writes as follows under date of November 3, 
1898 : 

I cannot give you any encouragement in regard to 
the shipment of wheelbarrows, scrapers, dump cars, 
and the like to China. The wheelbarrow used here 
has one large wheel in the middle and a seat on either 
side, where passengers or loads are carried. Once ina 
great while, dirt is carried in baskets on such a barrow, 
but ordinarily it is carried by a coolie in two baskets 
hung on the end of a bam rod balanced on his 
shoulders. These baskets are about the size and nape 
of a grain scoop. Labor saving devices are not in de- 
mand in China. The cheapest thing here is a man. 
There is more labor than can find employment. 
A coolie carrying dirt will receive from 7 to 10 cents 
gold per day. He must work from sunrise to sunset— 
not very steadily or very intensely, but putting in a 
great many hours and accomplishing a large amount 
of work for the amount of wages paid, There are more 
coolies willing to work for this pittance than there is 
work for them to do. 


The Report of the French Business Commission to 
China.—The Commission sent out in 1895 by the Lyons 
Bureau of Commerce to study the conditions in China 
has just made public a most important report which 
will prove of value to Americans who contemplate in- 
vesting or settling in that country, says Mr. Frank H. 
Mason, Consul-General of Berlin. he first part of 
the book is devoted to the description of the travels of 
the Commission. The second part to a detailed report 
of the business conditions in the Chinese empire. The 
third part contains the conclusions of the Commission 
and their opinion of the possible openings for French 
commerce. Reports by specialists on mining, silk, oil, 
and other branches of Chinese industry are especially 
valuable. According to the Chinese Custom House 
Reports, the import trade in the United States is given 
at $24,000,000 per annum, but it is estimated by the 
Commission at $39,300,000. It is further estimated that 
forty to fifty per cent. of the foreign trade of China is 
with Great Britain, and the Commission’s conclusion, 
as drawn from all the facts fprheted by. the Commiis- 
sion, is that there exists in China a large field for the 
enterprise of other nations. The report includes 900 
»ages and has 180 illustrations, It is published ‘by 

ey et Cie., Rue Gentil, 4, Lyons, France. 


American Bicycles and Vehicles in Bngland.—Con- 
sul Halstead, of Birmingham, in England, has, in his 
annual report, given a very valuable summary of the 


bicycle and vehicle trade in England as regards Ameri- 


can ‘exports. His information was aye 4 obtained 

ing Ameri- 
ean goods. A few years ago American bicycle manu- 
facturers, knowing that, with the use of modern machi- 
nery and methods, their manufacturing costs were 
low, and finding the home market unsteady owing to 
overproduction, decided to invade foreign markets. 
Mr. Halstead’s informant was one of the first of Ameri- 
can bicycle salesmen, so that the latter was in a posi- 
tion to know considerable about the history of the 
trade. Some of our manufacturers went about getting 
foreign trade in a systematic, businesslike manner, and 
workedjon the lines which had been successful at home. 
They established stores, putting competent men in 
charge, advertised liberally, and quoted prices in 
pounds, shillings, and pence. Their stores were repair 
depots where any part of the machine could be repaired, 
even replaced, if broken. Other manufacturers, desir- 
ing only to dispose of surplus stock at any price, re- 
gardless of future business, accepted agents of various 
degrees of financial responsibility and without reference 
at all to their moral liability. Catalogues with prices 
in American money were sent out, and as the termi- 
nology in thejtwo countries is somewhat different, con- 
fusion was unavoidable. People in England were 
afraid of wooden rims because they thought they would 
break and because they thought the damp weather 
would affect them, so that they did not desire them. 
They also have no faith in the single tube tire, and an 
English double tube tire company has such a monopoly 
and controls so many agents that it is useless to fly in 
the face of facts. A few far-sighted manufacturers sup- 
plied steel rims and detachable double tube tires. The 
manufacturers who came to stay also conformed to 
the wishes of English riders, as regards brakes, mud- 
guards and gear cases. The result is that the far- 
sighted manufacturers have found an excellent market 
in England. Their machines areon a par with or 
even better than the best English machines and sell at 
cheaper prices ; while the others have not only ruined 
their prospects and lost money but very nearly spoiled 
the market for American machines by their loose ways. 
There are still some American machines which should 
be sent to England, and, if well represented, would sell 
rapidly, if they were fitted to meet the demand of the 
market. There is ete op opportunity for bi- 
eycle fittings if orders are filled promptly and with ex- 
actness. There is a good demand for saddles, hubs, 
pedals, etc. Sheet steel stampings are also needed, and 
the high class work of this description turned out in 
the United States should find a ready sale. . 

The cycle business for Great Britain for the season 
just closed has been very disappointing from the 
manufacturers’ point of view. Agents carried over 
heavy stocks from the preceding year, and were, 
therefore, not ina position to buy heavily. The makers 


et 
were obliged to push sales outside -the ordinary cireles 
of trade, regardless, more or less, of the tinanci: | condj. 
tion of those with whom they dealt. This |, natn- 
rally resulted in many bad debts. In regari (0 1899 
the outlook is much more hopeful. Stocks ha. beep 
well reduced, and there seems to be no reason or yp. 
due cutting of prices as last season. The dem iid for 
1899 will be most for good machines at popular ;riees 
Bayers are not likely to go higher than $5: .\r g¢0 
The majority of large manufacturers will ado; « net 
price list instead of fancy figures of the previou. \ cars. 

One eause of the trouble with the American . xport 
bicycle trade is bad packing. In many cases 1 .-y do 
not follow the exact specification as to packi: ~ and 
marking, and the report of Consul Halstead c¢.'«-s ey. 
amples where wheeis were broken and the «.amel 
chipped. It is also claimed that American mia. sufae. 
turers do not keep faith in shipping goods, th: they 
send goods which are not up tothe standard. This 
claim may or may not be true, but it must be patent 
to any American that with this kind of story current, 
even people anxious to purchase hesitate about paying 
cash inst documents. No merchant or manufacturer 
can afford to send out anything but the very best. 
Salesmen should be familiar with the latest Amvrican 
wodels, and it should be remembered that in England 
novelties are not wanted. In America people buy a 
novelty because it is a novelty, and everybody wants 
to try it, but in England the people prefer something 
which has been tested. The manufacturer of a good 
acetylene bicycle lamp tells of one large city in Ameri- 
ca where more acetylene lamps were sold in one sum- 
mer than in the whole of Great Britain. 

There seems to be a fairly ready sale for other A meri- 
ean vehicles. Traps which approach in appearance 
articles of British manufacture sell well. hey must 
not be too wide and a four-wheeler must positively cut 
under, and even a three-quarter bar will not do. The 
British buyer goes to the extreme in his demand for 
solidity of construction, and this strength must be ap- 
parent to the eye. To fulfill the desire of the customer 
in England there must be bulk, and all this means 
weight, and yon is what is wanted. There are 
many more two than four-wheeled vehicles used, and 
people are satisfied with these. Both city streets and 
country roads are, as a rule, much narrower than in the 
United States, and an Englishman does not wish to 
trust himself and family in a vehicle that does not 
turn easily; so a four-wheeler must cut under. Consul 
Halstead says : 

Some of the modifications for the English market 
in the American exhibits at the Royal Agricultural 
Show, Birmingham, were not, to my mind, satisfac- 
tory. The lines, I thought, were not good, and certainly 
some of the modified vehicles were not as graceful as 
the true American type or as handsome as the thor- 
oughly British trap. Someone with artistic taste should 
redraw them, and the American buggy top, which 
would be so useful in this climate, should be adapted 
in some better way to the two-wheel carts. They have 
the balancing of a two-wheeler down to a nicety here, 
and must have, if there is consideration for the horse; 
and the difference of balance between buggy top down 
or up is:very great, and some counterbalancing device 
is necessary. There is nothing here to compare with 
some of the light spring wagons used in the American 
cities, and they might find favor, as well as two-wheel 
delivery carts of an attractive type. It is my belief 
that the American carriage builder who will make 
exact copies of several models of good English styles 
will find a ready sale for them, if willing to accept a 
reasonable profit. Let him depend upon the ‘cheap- 
ness of his wood, the low price of the iron parts, (lue to 
the use of up-to-date machinery, and let him win his 
way in this market by good construction, and leave 
the introduction of American styles or modifications 
and improvements on British styles to come later \and 
gradually. 


American Flour in Brussels,—I transmit, says Con- 
sul Roosevelt, of Brussels, Belgium, translation of a 
letter addressed to me by Mr. Louis Moulart, proprie- 
tor of the Grande Boulangerie Viennoise, No. 42 Rue au 
Beurre, Brussels, which will explain itself. Mr. Mou- 
lart is considered the leading baker in Brusse/s, 
and consequently his opinion as to the kinds of 
flour needed and the manner of exporting same to 
this market is worthy of particular attention. My. 
Moulart informs me that other bakers in Brussel 
would be pleased to import American flour, if they 
could buy same direct from the millers and have it con- 
signed to them, instead of receiving it through middle/ 
men at Antwerp, New York, and elsewhere. His let- 
ter reads : 

‘**T take the liberty of submitting some information re 
garding the importationjof American wheat flour. First, 
we bakers find it very much easier to get our flour from 
Hungary, for the following reason: I receive at least 
every month a letter from one or two Budapest mi.- 
giving me quotations and soliciting an order. Fiv 
or six weeks afterward I receive the flour free at Brus- 
sels, and I pay against sight draft on a Brussels bank 
against remittance of documents. 

“As regards American flour, conditions are muci 
more complicated. Flour consigned to Antwerp is 


or an Antwerp middleman asks us to give orders for 
500 or 1,000 sacks of such quality and brand of flour 
as may be known to us. When the order is accepted 
by the mills, we have to wait from six weeks to two 
and even three months before the merchaniise js de 
livered; and this irregularity in delivering orders hamp 
ers regular business eonnections with your country.” 


American Broom Handles Wanted in England.—T!) 
following, dated Birmingham, February 10, 1899, ha 
been received from Consul Marshal Halstead : 

A brush manufacturer here, who has been pureha® 
ing broom handles from a merchant firm dealing in at 
ticles of American manufacture, writes me asking for 
the name of a broom handle manufacturer, stating 
that the firm he buys of has never beeu able to fally 
satisfy his needs. In reply to my inquiry, the fir 
confirms the brush manufacturer’s statement, saying : 

““We have already been doing business in broom 
handles with the concern you mention, but owing 
the great scarcity of broom handles at the preset! 
time, we have some difficulty in suppiving them.” 

Iam interested in knowing whiy there should be® 





scarcity in American broom handles 


very often offered to us, but at exceedingly high rates; * 
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CAST IRON.* 
By Dr. R. MOLDENKE. 


Tue recent tests of cast iron columns, made under 
the aus;)ices of the building department of New York, 
brought out very forcibly our comparative lack of 
knowle(ge and skill in dling a material which 
should he peculiarly well adapted for this class of work. 
The practical condemnation of cast iron for even the 
simplest of structural members under stress is the 
natural consequenee of the uncertainty existing in the 
mind of the engineer and founder regarding the interior 
condition of an otherwise good-looking casting. 

In carrying out the uumerous processes incidental to 
the preparation of steel shapes, from the furnace to 
the erecting shop, a continuous watch may be kept 
upon tic behavior of the metal, imperfections detected 
with some degree of certainty, and such material at 
onee retuoved. With cast iron, however, we are practi- 
cally in the dark, and must depend upon our best judg- 
ment and eps The reason for this state of af- 
fairs lies in the great lack of nespagenetty in cast iron, 
this being all the more noticeable as, unlike steel, it is 
not subjected to subsequent treatment, which, if pro- 
perly carried out, should remove internal strains 
and leave. the piece amenable to the laws of applied 
mechanics. 

But for the manifest advan of a material which 
ean be cast into any conceivable shape readily and 
with a fair chance of success, where would a factor of 
safety of 20 be tolerated ? Weare hardly ready as yet to 
accept achinery built of structural steel, as long as the 
superior stiffness of heavy cast iron frames and s is 
not counterbalanced by too great a cost. This, more- 


over, in spite of the fact that we have to reckon heavily | Pe 


with the internal strains and consequent warping ten- 
dencies of large castings in machine design and con- 
struction. ‘ 

The modern tendency is to raise the elastic limit of 
the materials we work with, in order that a saving in 
weight may be effected. Note the astonishment of Eu- 
ropean engineers when they see our bridges and struc- 
tural work in general. They call it airiness, and laek 
of solidity ; we, on the other hand, deal with the high- 
est grade of materials and keep the standards at the top 
notch. There is wisdom in this economy, for greater 
care bestowed upon smaller quantities Jeaves us the 
more of our natural resources to draw from in the des- 

rate ‘grapple for the world’s industrial supremacy. 
Rhus east iron is being studied more than ever, its 
strength is being raised by changes and improvements 
in processes, and there is on the market to-day a range 
of iron from the brittle sash weights, which utilize all 
that would be dangerous in important work, up to the 
finest gun metals, and those irons which approach the 

lar steel castings in many be gr 

ery little need be said about the history of cast 
iron. Asa matter of fact, the rate of progress in our 
day is so great that we can hardly pause to look back, 
being fully occupied to keep ‘at least abreast of the 


times, if we are not fortunate enough to be in the lead 
suffice to say that the earliest atteinpts to cast 
vere made in England and e back to the 


am sucu 
fourteepth century. As the valac of everything ir 
those days hinged "pox its availability as an instru- 


ment of active warfare, we naturally read of the cast | 


ing of cannon regularly two bundred years later. Our 
own Carnegie Museum contains two very interesting 
relies of cast iron made in the days of William Penn. 
From England, the art of casting iron spread over the 
Continent and finally came to America. 

Until recently, but little attention was given to the 
general run of Rentey work. Iron was very expensive 
and requirements were not at all severe, specifications 
being practically unknown. To-day this is different. 
Competition has put everyone on the alert; every 
point is noticed, and the small economies practiced for 
centuries in the old country are now being thought 
more of here since the rich cream has disappeared from 
what was formerly a happy-go-lucky business. To-day 
we are on the threshold of a more rational system of 
working, our practical men giving their best efforts to 
improve moulding and casting methods, while the sci- 
entific end of the trade is making the production of 
castings a distinct branch of the metallurgy of iron. 

According to our general understanding, cast iron is 
that form of iron which contains more than 14¢ per 
cent. carbon, and from its nature can only be cast into 
moulds to be of commercial value. A closer examina- 
tion shows us some limitations to this definition. A 
thin bar of ordinary cast iron can, under suitable con- 
ditions, be heated in the forge and then twisted, thus 
showing a property at variance with our intuitive feel- 
ing of what cast iron should do. Again, many street 
railway gears are sold as steel because the teeth can 
stand considerable punishment before breaking, and 
yet the iron is only an excellent grade of gun metal 
— has received the additional benefit of some an- 
nealing. 

Cast iron in its true sense is, therefore, best classed 
as that grade of iron carrying over 1g per cent. car- 
bon which, after casting, is not subjected to further 
heat treatment. Thus pig iron is a true cast iron, for 
the metal, as it comes from the blast furnace, if of the 
proper composition, could be used for the direct cast- 
ing of certain kinds of work, such as ingot moulds. 
Malleable cast iron, however, is uot a true cast iron, 
for though the casting process is used, the original! re- 
fining and subsequent annealing, with its ical me- 
tallurgical changes, place this most interesting mate- 
rial in a separate class entirely distinct from both cast 
iron and cast steel. 

e have a variety of cast irons, made by a number 
processes. Thus the same metal, melted in different 
ways, produces differently constituted castings, with a 
consequent variation in commercial value. This will 
be seen more fully in the discussion of the processes. 

To look first at the material the founder of cast iron 
must deal with, we find an astonishing variety, all of 
Which are useful in their proper spheres. In general, 
they are the pig irons and the scrap. The scrap may 

classified into the foreign (so called because it is 
bought in the open market) and the gates, sprues, de- 
ionve castings, and the like, made by the founder 
tmself, the composition or quality of which he may 
Supposed to know. In the foreign scrap there are 








* Paper read at the of . 
Western Penney November meeting the Engineers’ Society of 


varieties and variations. We have heavy and light 
machinery serap, ear wheel, stove and miscellaneous 
scrap, burnt grate bars and the like. ‘The designation 
usually givesaclew to the quality, which is ~ 4 
mented by breaking and examining fractures, but - 
en all in all, without a thorough knowledge of the pos- 
sibilities of the methods used in mixing and melting 
charges containing this material, disastrous results are 
very apt tooccur. This is especially the case with the 
miscellaneous scrap, which may contain the remains of 
many a burnt out grate bar melted over again—mate- 


good work. 

The pig irons may be looked upon from the following 
standpoints. Depending upon the fuel used to make 
them, they are cold or warm blast charcoal, anthracite, 
and coke, It would be infringing upon the subject of 
the blast furnace to go into a detailed discussion. Suf- 
fice it to say that anthracite irons are now a rarity, and 
differ little from those made with coke. ‘The charcoal 
irons are too expensive for use in anything except high 
class specialties. 

The experience of the writer, so far as the relative 
value of coke and charcoal irons is concerned, runs 
about as follows: The cold blast charcoal iron is - 
bably the finest variety made, and taking irons of iden- 
tieal composition for comparison, the charcoal pig is 
undoubtedly the better, for the apparent reason that 
in its preparation the chances of oxidation and conse- 
quent weakness have been at a minimum. This point 
may be disputed. for there is too little known about 
the molecular constitution of both irons to be positive 
about any statement concerning them. The fact re- 
mains that, if the additional safety derived by the pro- 
ruse of charcoal iron counterbalances the increase 
in cost, it is to be preferred. Tothecredit of well made 
coke iron be it said that this condition exists only in 
special lines of work. 

The second way of classifying pig irons is one rapidly 
getting out of date, and that is by their fracture. Any 
one familiar with the variations in fracture produced 
by higher or lower casting temperatures would be 
little inclined to buy iron on this basis. Long experi- 
ence and familiarity with the iron may give an inkling 
as to the quality of the metal, just as a steel expert can 
detect much of value from the fracture of a broken 
forging. But pig iron must be remelted, and many of 
its characteristic points seen in the fracture disappear 
in the casting made from it. 

The commercial grades of soft, medium, and hard, 
Nos. 1 to 6 ; the special grades of foundry, forge, silvery, 
and mottled irons, as analyzed by a chemist in the 
shape of an Irishman with a sledge, are being gradually 
— into plain pig iron carrying so much silicon, 
sulphur, phosphorus, manganese, and total carbon. 

The range of pig irons, therefore, with which we deal 
to-day are either high, medium. or low in their con- 
stituents other than the iron. For current use, it is 
still convenient to speak of ‘‘ Bessemer” iron, which 








for the foundry means phosphorus below 0°1 per cent., 
low sulphur, and medium to high silicon ; ‘* softeners,” 
vhich mean silicon between 4 aud 8 per cent. ; and “ fer- 


| rosilicon,” which means 8 per cent. silicon and above 


The foundry pig irons proper give ys the choice be- 

i tween the following compositiogs: Phosphorne from 
7 to 2°00 per cent.; silicon, 0°14 to 3°25 per cent.; sui 

| phar, 0°02 to 0°15 per cent.: manganese, 030 to 2°00 per 
cent.; and a total carbon from 2.50 to 4.50 per cent., the 

proportion of graphite and combined carbon going to 


mmake it up depending entirely upon the heat condi- 
tions and the amount of silicon, sulphur, manganese, 
and phosphorus—important in the order named--which 
may be present. One can readily see that, with the 
limits above given, there may be an endless series of 
combinations, and when it is remembered that to be 
able to predict successful results, as required nowa- 
days, as well as to attain them, close attention must be 
given to this matter, the lot of that founder who 
does not believe in chemistry, or rather metallurgy, in 
his works will eventually become a hard one. 

We come now to the process for making cast iron. 
For the production of castings on a commercial scale, 
there are practically only two: melting in the cupola 
or shaft furnace and melting in some form of the re- 
verberatory furnace. The use of crucibles for melting 
may still be found in experimental work, and ibly 
in some remote corners of the earth where civilization 
has not yet given the inhabitants the means of scrap- 
ing together more dollars, in a given time, by legiti- 
mate means. Yet this crucible process is the one cal- 
culated to give the cleanest iron. We see this by ana- 
logy with crucible steel. The open hearth process can 
make a material exactly like that from the crucible in 
composition, yet the latter is much better on account 
of its freedom from slag and oxidation. The chemical 
processes have more time, and the last traces of slag 
rise to the top. 

In the reverberatory furnace, often called the straight 
draught, we have first the melting down of the charge, 
the rabbling or poling to mix it well and possibly help 
to clean it, and the slight refining called for by the 
work or else unavoidable while getting the proper 
casting temperature. It may be taken as a safe rule 
to let this refining action be as limited as possible, for 
the change is internal. It burns out the manganese 
and silicon in the interior of the bath, distributes fine- 
ly divided slag, and makes dirty iron, if sufficient time 
is not given after tapping to let it clear itself, at best 
an uncertain proceeding. 

To look at the matter more closely, we find first, in 
the charging, the cause of much eo eh trouble. 
Where the furnace can be charged while hot, that is, 
where the scrap is no larger than can be got through 
the ordinary sized doors, it is comparatively easy to 
arrange melts so that the material easiest fused goes in 
first and forms a bath for the protection of that charg- 
ed thereafter. The small scrap would therefore go in 
first and the pig iron last: To help matters, in case the 
iron is cleaned before charging, slag may be thrown in, 
which, when melted, forms a protecting coating on the 
iron, and thus partly arrests the refining action of the 
oxygen passing over it. 

This coating of slag, however, is by no means a com- 
lete protection, for the internal action keeps the bath 
n motion, fresh particles of iron become exposed, 

through the slag, manganese and silicon are burned 

out, which, uniting with the oxidized iron, form slag. 

If the temperature is high, even carbon will go. 
Thus it will be seen that there will always be more 


rial which should not be taken as a gift when making | pose 








or less oxidation, with all the troubles that follow from 
the very nature of the process, and founders of heavy 
castings, which must be absolutely free from the sur- 
face blemishes caused by gases in the iron, find this 
very oxidation one of their worst enemies, The logi- 
cal conclusion would be to melt as fast as can be done 
without overheating the charge, and when the iron is 
properly melted and hot enough to cast, let no delay 
eep it in the furnace, subject to the oxidizing influ- 
enees of the flame. When heavy scrap is to be used, 
and the end of a cold furnace is taken out for the pur- 
of charging, one can readily see that the troubles 
of the founder are ravated if anything, for the time 
of melting down a given weight is doubled or trebled. 

So much can be said of the behavior of cast iron in 
the reverberatory furnace. The fact that the metal 
does not come in direct contact with the fuel (in the 
crucible method not even with the flame) keeps the 
product purer, and hence makes the metal (when good) 
of high grade, in spite of the unavoidable slight oxida- 
tion. Another factor in the comparison of cast iron 
made in this way with that made in the cupola is the 
moleeular constitution of the respective products. 
Here we know too little as yet, but this can be said, 
that a gun cast from refined air furnace iron is un- 
doubtedly better than when sugem metal of exactly 
the same composition is used. In everyday parlance, 
the last mentioned iron would be judged to be of a 
‘*eloser” structure than the first, but what that would 
mean translated into the language of science remains 
as yet one of the mysteries of molecular physics, 

In the cupola process of melting iron we have a 
direct contact of the metal with the fuel. Under pro- 
sy conditions, the oxidation of the iron itself should 

less, for that which is unavoidable falls to the man- 
ganese first, this uniting with sulphur and protecting 
the silicon in some measure, the silicon going next. 
While, therefore, a cupola charge should contain about 
15 per cent. more silicon than the castings wanted, when 
there are high manganese pig irons present, or many 
scrap car wheels, this loss in silicon may drop to 5 per 
cent., and even less. Carbon, as a rule, remains sta- 
tionary, and may even go up by absorption from the 
fuel, 4°60 per cent. being about the limit under ordi- 
nary conditions. 

One of the principal sources of danger is the sulphur 
in the coke. Too much care cannot > given to kee 
this as low as possible, and many a casting which fail. 
ed unaccountably may be found full of microscopic 
cracks due to the absorption of this sulphur by the iron 
passing over it, resulting in an effect well expressed by 
the current term ‘‘ red-shortness,” were it steel instead 
of cast iron. The bulk of our castings are made by the 
cheap and convenient cupola meied. It is still crude, 
in spite of many attempts to use the surplus heat now 
lost. It will fall to the lot of another to go fully into 
the status of foundry practice, this much being given 
with the view of showing to what influences the iron in 
the castings we buy has been exposed before pearing, 
Much more could be said, but we must pass on to the 
next subject, which is the constitution of cast iron. 

It is practically impossible to speak of ‘he physical 
without taking into consideration the cheu 


| tiee of cast iron, and vice versa. A castin 
| broken way be either grav, white, in aco: 
| ning between the two, called ‘ mottled.” « may 


gray in the center, then mottied, and fine 

tbe edges. Again, the fracture may show a distu 
line separating a gray center from the white chilled 
rim, as in ear wheels and chilled rolls. All of these 
conditions, whether produced naturally or otherwise, 
are dependent upon the composition and the thermal 
changes. 

Then we have the crystalline structure, similarly 
affected. Thus the crystals at the edge of a casting are 
usually small, and in the harder irons may be seen ar- 
rap in layers perpendicular to the surface, causing 
planes of weakness at abrupt changes in direction on 
the part of the piece. The interior of the casting, if 
thick, has larger crystals, and is consequently weaker 
than the skin. This holds true only if the casting- 
strains in the piece are not excessive ; otherwise we may 
have the casting in a state of tension such that a com- 
paratively small additional load causes it to give way 
—the true explanation for many a mysterious failure. 

To get rid of such casting-strains in the production 
of work to be finished up true, very heavy cuts must 
frequently be taken off. We are all familiar with the 
strains in pulley arms and rims, and it was the writer's 
good fortune, in a Western mining region, to see an im- 
mense sheave for rope haulage, which had just been 
taken out of the foundry to clean up, break at the 
junction of those spokes with the rim where the heat 
of the sun, shining on part of the wheel, had added 
the very slight tension yates to cause the wreck. 

Where irons are cast into chills, these casting-strains 
are increased enormously, as, for instance, in makin 
chilled rolls. We have here a thick shell of chill 
iron contracting upon a gray interior. The ends of 
the rolls being smaller in diameter than the body, a 
period will be reached in the cooling when they 
solidify, leaving the interior of the roll still erage if 
not fluid. The amount of contraction of a white iron, 
from casting to coldness, is about one-fourth inch to 
the foot, while gray varieties show up only half as 
much ; hence we have an enormous pressure exerted 
upon the interior of such a roll, which, according to 
y seatnaee made in subjecting small bodies of high car- 
bon cast irons to such pressures, should make it a genu- 
ing mine for microscopic diamonds. 

n looking at the structure of cast iron as it appears to 
the eye, we have its color run from white to very dark 
gray. This is a question of the condition of the 
carbon present. or simplicity, we will say that 
in white iron the carbon is all combined with the 
iron in some way; in gray iron it is nearly all me- 
chanically mixed with it, and it may be mixed and 
combin in varying proportions in the irons, be- 
tween the dead white and the extra dark on § The 
reason for such an appearance may be loo for in 
the resultant of three variable conditions: the com- 
position, the casting temperature, and the rate of cool- 
ing. As to composition, silicon is the most powerful 
element acting upon the carbon. Its absence keeps 
the carbon all in the combined state. As it enters into 
the composition, the tendency on the part of the car- 
bon is to separate out as phite, this going on until, 
at nearly 4 per cent. of silicon, the reverse takes place, 
the iron becoming whiter, though of a different crye 
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talline structure and color, giving the “silvery” a 
pearance to remelted softeners and ferrosilicons. 
these high ranges the property of silicon to replace 
iy to-some extent, gives us lower carbon irons. 

As before stated, sulphar, manganese, and phos- 
phorus have the same tendency to promote the forma- 
tion 6f combined carbon, though in a smaller measure. 
The physical structures are also different from those 
prodaced by silicon, notably the difference in the 
chill line and in the crystallization of the chilled iron, 
due to high or low sulphur with the same low silicon. 
The casting temperature is of great importance in this 
connection, the general rule being laid down that the 
hotter the iron, the greater the likelihood to attain a 
whiter fracture. Thus one iron may be white if cast 
very hot and gray if cast colder. The rate of cooling 
comes in here, The thicker the piece, the slower it 
will cool ; so that if a wedge were cast of hot iron, the 
thin edge might be white and the thick end gray. 

One can readily preceive what a delicate matter it 
sometimes becomes in casting very heavy work, with 
great variations in the thickness of the sections, to so 
combine the irons that a composition is obtained 
which, when hot enough to properly run into the thin 
webs and ribs, will not become white, or at least not 
hard enough to cause undue contraction and make 
machining impossible. The fact that the physical 
condition of a casting is a resultant of these three varia- 
bles is often lost sight of by those who write papers 
and are familiar with the laboratory end of the foundry 
only. Too much stress cannot be laid upon the ab- 
solute necessity of being fully equipped with a practi- 
cal knowledge of the essentials of founding iron before 
vetituring to advise others upon its metallurgical end. 

If we look closely into the character of the various 
forms of cast iron, as revealed by their microstructure, 
wé find that in the gray irons a polished and etched 
surface is filled with thin veins of graphite. These are 
especially distinet when the etching is heavy, and show 
us that between the crystalline groups of iron there 
are thin lamell# of this very weak material. The rap- 
ture of a piece of gray iron is therefore along these 
planes of weakness, and the thin plates of graphite 
covering the iron crystals hide them from view. A 
thorough application of the scratch brush will quickly 
change a gray iron fracture to a white one, though the 
structure, alike a genuine white iron, is coarsely crys- 
talline. The application of acids for etching, and very 
weak solutions of chemicals, which color the iron and 
its Garbides differently, show, moreover, that surround- 
ing these planes of graphite are carbides of iron, from 
which it was evidently frozen out. 

The heavy etching, necessary to study samples of 
gray iron, wakes it difficult to see much; in fact, in the 
study of steel and iron, mnicroscopists deplore the lack 
of iiumination, which would allow them to use their 
highest powers. Here is a problem for the physicist— 
to furnish a method of illumination, something on the 

principle of the megaphone in sound. Microscopic 
favent atiun on iron and steel requires a vertical re- 
flected Iumination, as the specimens cannot be made 
tranalucent and oblique reflection promotes incorrect 
ideas. Can light be so latensified, withort andue heat 
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The appearance of the white irons, under the micro- 
scope, is quite complex, the high percent of carbon 
in solution obliterating many «©: the characteristic 
forms seen in steels. Much i still to be done in this 
line, and the comparativels high percentages of the 
various impurities in cast iron should make this an in- 
teresting field. One thing is patent, and that is, the 
extreme lack of homogeneity in cast iron. One might 
say that we have nearly pure iron : iron saturated with 
carbon, in the shape of several carbides ; iron saturated 
with sulphur, with phosphorus ; possibly alloyed with 
manganese and carbon or with manganese and phos- 
phorus ; iron with silicon, and so on, all these mixed 
in a heterogeneous fashion, though with some pretense 
of arrangement, based upon their relative freezing 
points, and the rate of cooling fixed by the thickness 
of the casting and the nature of the mould. 

To this comes the additional complication in the ex- 
istence of all the constituents in two or more forms. 
Thus phosphorus is present in two very distinct forms in 
steel, where they can be readily separated by chemical 
means, and give very different properties, as the one 
or the other predominates. In cast iron, where the 

hosphorus contents may be up to twenty times the 
Bessemer limit, one can readily look for puzzling con- 
ditions. Again, the positions of these deleterious in- 

lients have their effects, more especially the sulph- 
ides present. Sulphide of iron is weak and brittle. It 
does not diffuse evenly, but rather localizes itself. This 
may be the cause of some good now and,then, fora high 
sulphur casting is very dense and impervious to gases, 
though it is not too strong. It would seem that, in the 
eontraction after casting, the sulphide of iron, which 
has a low melting point, is forced inward by the outer 
shell, which is setting. This can readily occur, if the 
casting is thick enough, and, in fact, may save it from 
destruction, as the giving way of the fluid sulphide 
eases up the casting strains considerably. In view of 
the diffusive properties of some sulphides of iron, this 
otherwise highly yoy impurity may have 
some use, afterall. If the veins of sulphide of iron 
present run along the line of stress applied to the cast- 
ing in service, its presence will not be noticed specially, 
but if across it, then a real danger exists. Unless, 
therefore, special effects are desired, as in ammonia, air, 
and hydraulic cylinders, sulphur had better be con- 
spicuous by its absence. 

(To be continued. ) 
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A simple formula for the capacity of fans of the cen- 
trifugal type that is said to be remarkably accurate 
has, says The Engineering Record, recently been de- 
vised by Prof. R. C. Carpenter, of Cornell University. 
From a large number of experiments it was found that 
the number of cubic feet of air discharged in one revo- 
lution of the fan was equal to the cube of the diameter 
of the fan expressed in feet, multiplied by the constant 
0°S, if there was a free delivery, and 0-4 if the pressure 
was about that found in ordinary blower practice ; or 
equal to the pressure of 14¢ inches of water. 
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